(4630

pacific northwest aquatic
monitoring partnership

Management Implications from Pacific Northwest
Intensively Monitored Watersheds

Robert Bilb§, Amelia Johnsdh JohnR.FoltZ, andAmy LPul$
ac2  AaKAy3G2y D2@SNYy2NRa {FfY2y wS8sHSNE hTFTFAOS
b ¢ Lower Columbia Fish Recovery Board, Vancouver, WA 98682
¢ ¢ Snake River Salmon Recovery Board, Dayton, WA 99328

d - U.S. Geological Survey, Cook, WA, 98605

May 2022



Suggested Citation

Bilby, R., A. JohnsonRlFoltz, AL. Puls. 2022. Managementplications fromPacific Northwesintensively

monitored watershedsPacific Northwest Aquatic Monitoring Partnersh®d.pages.
https://www.pnamp.org/document/15207

Disclaimer

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by
the U.S. Government.

Acknowledgments

Wewouldlil § G2 GKI Yy

2 aKAY3l2y D2@SNY2NRA

{rftY2y wSO020

Commission for funding the work to produce this report, and the following people for participating in the
workshops and providing the information thatrsesas the basis for this report:

Name

Affiliation

Name

Affiliation

Joseph Anderson
Eli Asher
Jennifer Bayer
Eric Beamer
Todd Bennett
Stephen Bennett

Bob Bilby

Pete Bisson

Kasey Bliesner
Nick Bouwes
Jeff Breckel
Samuel Cimino
Tim Copeland
John Crandall
Megan Dethloff
Marika Dobos
Keith Dublanica
William Ehinger

Melody Feden

Stacey Feeken
Meyer

Ken Fetcho

Washington Department of Fish & Wildlife
Cowlitz Indian Tribe

US Geological Survey/PNAMP

Skagit River System Cooperative

National Oceanic andtmospheric Administration

Eco Logical Research
Washington Salmon Recovery Funding Board

Monitoring Panel

Washington Salmon Recovery Funding Board

Monitoring Panel

Oregon Department of Fish and Wildlife
EcolLogical Research

Washington Salmon Recovery Funding Board
US Geological Survey/PNAMP

Idaho Department of Fish and Game

Methow Restoration Council

USGeological Survey/PNAMP

Idaho Department of Fish and Game
Washington Governor's Salmon Recovery Office
Washington State Department of Ecology
Oregon Department of Fish and Wildlife

Idaho Department of Fish and Game

Oregon Watershed Enhancement Board

John Foltz
Sarah Gallagher
Matthew Goslin
Correigh Greene
Anna Halligan

Karrie Hanson

Mark Henderson

lan Jezorek

Amelia Johnson
Clayton Kinsel
Brian Knoth
Kirk Krueger
James Lamperth
Mike LeMoine
Marisa Litz

Erik Neatherlin
George Pess
Stephen Phillips
Amy Puls

Timothy Quinn

James Ruzycki

Snake River Salmon Recovery Board

California Department of Fish andildlife

Oregon State University

National Oceanic and Atmospheric Administration

Trout Unlimited

National Oceanic and Atmospheric Administration

USGeological Survey

US Geological Survey

Lower Columbia Fish Recovery Board

Washington Department of Fish & Wildlife

Idaho Department of Fish and Game
WashingtorDepartment of Fish & Wildlife
Washington Department of Fish & Wildlife

Skagit River System Cooperative
Washington Department of Fish & Wildlife

Washington Governor's Salmon Recovery Office

National Oceanic and Atmospheric Administration

Pacific States Marine Fisheries Commission
USGeological Survey/PNAMP

Washington Department of Fish & Wildlife

Oregon Department of Fish and Wildlife



https://www.pnamp.org/document/15207

Table of Contents

LIST OF FIQUIES. ...ttt e e e et e e e e e et e e e e e s s e e e e e e e e nnbe e e e e e e e e aannnnsneeeeeaaannnnnneeees] iii
LISt OF TADIES. ...ttt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e nnnes iii
EXECULIVE STIMAIY....ceiiiiiiiieii ettt e oottt e e e et e e e e e e s e e et e e e e e e s b ee e e e e e e e e e s e n e e e e e e e e annnnees v
i oo [UTot i o] o NPT PR P PP PP PPN 1.
IMWV GO IMBSSAGE ... oot eei i e e e e ettt e et ee et e e eeeeeeeaaeaseaassassaaaaaa s nnnnnnnnnnnnnnnnnnnnnneneneneeenneneesdd

Habitat and FiSh RESPONSE.......ccooo i e e e e e e et e e e e aaaaaaaaaeeaaeeaeaasseasaananannns 7

Management and Coordination of Restoration Implementation............ccccooiiiieereiennniiiiieeee e 12

Current Research Priorities and Future OPPOITUNITIES..........ccooiiiiiiirieeeeeiiiiieee e e e e 15
Recommended Management and POlICY ACHONS. ..........uuiiiieeiiiiiiiee et s e e e e nnes 17
Advancing This Effort and Parting ThOUGRLS..........ooo e 19
References and Other LILEIatUI...........ooiiiiii it s e e e e s b e e 21
List of Acronyms and Abbreviations fOor APPENMICES. .......uviiiiiiiiiiiieee e 27
APPENIX 1 IMW SNAPSNOTS ...ttt e e e e e e e e e e e e b e e e e e e e annnereeeeean 27
Appendix 2; QUESLIONNAINE AN RESPONSES .....ccceiiii i i ittt e e e e e e e e e e e e e e aeaaeaaaaaaaaaaaaeas 41

List of Figures

Figure 1Location of the IMWSs that participated in the development of this report..............ooo i 3

List of Tables
ES Table BummaryoKl 0 AGF G0 YR FTAAK NBaLRyasSa G2 NBAGXW GA2Yy

Table 1 The six different types of stakeholders that could incorporate management outcomes from the IMW
studies Nto their own programs and PrOJECES.........cooiiiiiii i nree e e e e e e e e e aaaeeeeeeeeeeeseeenaanns 2

Table 2Restoration treatments assessed, target species and life stages, and fish response to date for individual
LAY PP PP OPPPRRPO 4



Executive Summary

Many salmon and steelhegmbpulations in the Pacific Northwest have been assigned protection under the U.S.
Endangered Species Act over the last 30 yearonsiderable investment in the restoration of freshwater and
estuarine habitat has been made to address this problem. However, thardasire to provide better
quantification ancevidence that theseestorationefforts lead to improvements in watersldeprocesses, habitat
conditions andtherefore salmon and steelhead viability his information gap led to the establishment of
Intensively Monitored Watersheds (IMWS) in the early 20@0sIMW is an experiment in one or more
catchments with a weltlevelged, longterm monitoring program to determine watershestale fish and

habitat responses to restoration actionghe IMW approach is considered an effective experimental design for
evaluating watershegcale salmon and steelhead responses to habitat rastm.

This report compilegeneralresultsto datefrom 13 IMWSs across the Pacific Northwest and provides an initial
indication of the management implications of these studies. The IMWSs included in this report are evaluating a
wide range of restoratiomctions all but one IMWhas implementedwo or more dfferent treatment types The
most commortreatment typesevaluated by the IMWs afdargewood addition, riparian restoration, and barrier
removal.Fish speciemcluded in the IMW evaluations includeeelhead Chinookand Cohosalmon, Bull Trout

and Pacific LampreyEleven of the IMWSs indicated they are targeting more than one anadromous species.

This synthesis of IMW results is in no way intended to imply that these studies have completed data collection
and analysisAll IMWSs have applied treatenttypesand are engaged in petteatment monitoring; however,
only two IMWSs have completed their assessment of habitat and fish response to restoration.

Core Messages

This synthesis project identifieiset d 26 core messagethat reflectcollective findings across the IMWihe

core messageare groupedinto three categories Habitat and Fish Responses, Management and Coordination of
Restoration Implementation, and Current Research Priorities and Fupper@nities. These messages can be
used tohelp identifyfuture researctopportunities andbe used to improve the effectiveness of habitat

restoration and salmon recovery programs.

Thel2 core messages for thidabitat and ishResponse categonjindicate thatmanyof the implemented
restoration methods improve aquatic habitat and elicit a positive fish respdfedgitat response to treatments
reported by the IMWséndicate that75% showed a positive response, 2% a negative response 3@

change (ES Table 1ish responsereported by the IMWSs included386 identifying a positive response, 3% a
negative response, andi% no chang€ES Table 1¥everal treatment typesuch asemoval of fish passage
impedimentslike dams and culvertsyere consistently associated with increased access to habitat and a
positive fish responsacross IMWSsThisresultis consistent with previous studies done at reach or project
scalesSimilarly, enhancing fish access to floodplain or tidal delta halwjtaémoving barriers or encouraging
beaver colonizatioincreased abundance and growtfisalmon and steelhead at modWs where this

treatment type was evaluatedreliminary results are less clear though for habitat and fish responses to large
wood placement: some IMWSs noted positive responses while others have yet to observe a response. The need
to better understanchow large wood restoratiomay support achievingatershed and populatioscale goals

is recommended given how common this treatment typaigestoration programs.

Positive fish responses were most commonly obsefeedmolt and juvenile life stagedong with changes in
distribution and life history diversitygsTable ). There werefew IMWSs that reported amncreasein abundance

of returning adult fishMany IMWs noted that poor marine survival afattors imgctingfish outsidethe area
where habitat treatments were applieduch as harvest, hydropower, and hatchery programs, all could limit the
capacity ofadultfish to respondo improvements in freshwater and estuarine habitat conditio@se or more

of these external factors affected fish at every IMWhe fact that some salmon populations are impacted by
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factors other than habitat conditions does not imply that habitat restoration is not beneficiakchiglity
freshwater and estuarine habitat can suppedpulation resiliency by enhancing fish capacity to persist in the
face of climate change or severe disturbance events (e.g., major floods, wildfmedifying the full suite of
factors affectingsalmon and steelheashould occur at project establishment and specific intervals following
implementation.This process essentiafor restoration and recovery prograntg establish realistic
expectations of fish response to habitat improvements

Seven core messages reldt® management and coordination of restoration implementation are identified in

this synthesis. Téseare based on collective challenges related to developmglementing,and monitoring

treatment types in the IMWSsT hese core messages highlight the artpanceof adaptive management processes
with clear and measurable progress indicatarsordination across stakeholders, and information sharing to
support application of IMW resulté&.daptive management processase lacking in some IMWasit are an

essential tool for translating findings into management actions that can be incorporated into restoration
strategies and projects. The importance of building and maintaining community support was also highlighted as
essential to implementing restotian strategies that have the greatest opportunity to benefit fish. Coordination
beyond the local community is also key in many cases, as broader stakeholder groups may be able to influence
factors other than habitat that also limit salmon and steelhead.

This synthesis of IMW results is intended to provide a preliminary indication of the managestersant
information generated by the IMWSs. It became clear during this synthesis process that further monitoring is
necessary to fully evaluate habitat andifiesponse to treatmentypes To address this knowledge gap, seven
Current Research Priorities and Future Opportunities core messagaentified in this report. These core
messages build on preliminary results and the wealth of data and informatam thie IMWSs andmay help
habitat restoration and salmon recovery programs better adapt over time to changing conditions and theeats
well as better understand expectations of habitat and fish respoRee instance, there is still uncertainty in
how habtat restoration may influence marine survival or provide a resiliency buffer to climate change-of-out
basin impacts from harvest, hydropower facilitiagad other management programs. IMWSs avell situatedto
help answethese types ofjuestionsbecause of their longerm datasets wide range of targeted species,
spatially diverse locations, and existing monitoring community and infrastructure support.

Recommended Actions

To facilitate the incorporation of IMW findings into restoration program planning and implementation, the core
messages were used to identify management and policy recommendalienactions are identified in the
Recommended Management and Poligtidnssection of thigeport:

1. Build restoration plans and strategies at waterstsedles and within a context of all potential impacts
to salmon and steelhead viability.

2. Prioritize restoration methods based on aspects of restoration technidfestiveness like cost and
certainty of success.

3. Implement restoration actions at continuous, landscapales.

4. Prioritize and support the development of formal adaptive management processes across recovery and
restoration programs.

5. Regularly communicateamong IMW monitoring and restoration leads and local stakeholders to refine
habitat restoration programs based on study results and facilitate adaptive management

6. Supportand implement natural resource programs at watershed and satrapndsteelheadspecies

scales.

Provide stable, longerm supportfor fish and habitat monitoring

Consider converting some of the IMWSs to lelegm research sites

Provide support for restoration planning and permitting to accelerate implementation timeframes.

0 Communicate with stakeholders about their expectations of habitat restoration



Theserecommendedactions ardntended to supportecisionsgoncerningsalmon conservatioby recovery
program managers, watershed restoration program managers, and habitat project practitioners to provide
guidance and support program effectiveneshese recommendationgeflect the importance of upfront and
broad coordination to build, maintainand adaptively managevatershed and populatiorscalerestoration

and monitoringprograms.

IMWs remain one of the most promising tools to improve understanding of watersbele fish and

habitat responses to habitat restoration actions. IMWSs also progjgjgortunities to better understand

other aspects of salmon ecology and watershed processes: multiple studies identified a diversity of life
history strategies through the intensive, liégycle monitoring that IMWs rely on, and monitoring activities
have dso captured climate change events, like drought and fires, that restoration programs must account
for moving forward. This report illustrates the value of the information being produced by IMWs and
highlights the need for improved methods for incorporatifuture IMW findings into the processes for
selecting restoration projects

How to Read This Report

There are26 core messages in the repoiEach core messagecludes supporting IMWexamples anavere
discussed and reviewed with IMW monitoring program ledtie core messages inform ti®

recommended actions ithe Recommended Management and Policy Actions sectitis sectiorcanalso

be reviewed independently anaost directly benefitéhe policy and management communitibg

providing specific suggestions on implementation consideratibhse References and Othkiterature

section includes relevant literature to provide additadrrontext and informatiofior IMW roles in salmon
recovery.To better understand how each individual IMW fits into the collective report messages, Appendix
1 contains summary tables with study design, resaltgl additional resources details and liriks each

IMW. Appendix 2 includes supporting information that informed the workshops and core message
development with the participating IMW representatives
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ESTablel: Summary ohabitat andfish responses to restoration at the 13 IMWSs includethis report Percentages

(in parentheses) reflect thproportion of IMWSs in which a response was measuridt all IMWs measured all habitat
and fishresponsesThe composite response metric is the average of the response measurehtvedd positive
responsenegative responseor no change after restoratioffositive and negative changes do not necessarily
represent statistically significant changés manycases this summary table is based upon incomplete data and data
collection and analysire still ongoing.

Habitat Response] Positive Negative No Change
Riparian quality or quantity 7 (88%) 0 (0%) 1 (13%)
Channel or channel unitguality or quantity 11 (92%) 0 (0%) 1 (8%)
Floodplain or estuarine lateral connectivil 10 (100%) 0 (0%) 0 (0%)
Longitudinal connectivity 10 (91%) 0 (0%) 1 (9%)
Habitat complexity| 9 (75%) 0 (0%) 3 (25%)
Sediment quality, 7 (70%) 2 (20%) 1 (10%)
Sinuosity 5 (83%) 0 (0%) 1 (17%)
Stream width:depth 6 (100%) 0 (0%) 0 (0%)
Temperature improvements 4 (33%) 0 (0%) 8 (66%)
Flow improvements 4 (44%) 0 (0%) 5 (55%)
Water quality improvements 2 (40%) 0 (0%) 3 (60%)
Primary and/or secondamgroduction improvements 3 (100%) 0 (0%) 0 (0%)
Composite Habitat Response Metri 75% 2% 23%
Fish Response
Marine survival 0 (0%) 0 (0%) 4 (100%)
Adult abundance 2 (22%) 1 (11%) 6 (67%)
Redd numbers 2 (25%) 0 (0%) 6 (75%)
Smolt production 8 (67%) 0 (0%) 4 (33%)
Juvenile abundanci 7 (70%) 0 (0%) 3 (30%)
Juvenile density 5 (56%) 0 (0%) 4 (44%)
Juvenile survival 7 (64%) 0 (0%) 4 (36%)
Juvenile growth or siz{ 3 (27%) 1 (9%) 7 (64%)
Juvenile residence timi 4 (67%) 1 (17%) 1 (17%)
Lifehistory diversity 5 (83%) 0 (0%) 1 (17%)
Fish distribution 7 (88%) 0 (0%) 1 (13%)
Composite Fish Response Metr| 53% 3% 44%
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Introduction

Many salmon populations in the Pacific Northwest have been assigned protection under the U.S. Endangered
Species Act over the last $8ars (NWFSC 2015).response, many efforts have been initiated across the region
to recover these populationd/ariousfactors contributed to the decline in naturally spawning salmarpacts
associated with fish harvest, hatcheries, hydropower, and freshwater habitat have received the greatest degree
of attention (NRC 1996, NWFSC 20Ihsome cases, these impacts haaeurredfor more than 150 years

leading to significant changeswatershed functions anthe location, timingand opportunity for salmon to

spawn, rearand migrate (Stouder et al. 1997%almon and steelhead are also impacted by temporal shifts in
ocean productivity (Welch et al. 20203nd climate change is affecting both freshwater and marine habitat
conditions (Mantua et al. 2009mproved understanding of the impact of each of these factors on salmon and
steelhead at different life stages is reqgd to successfully address the full set of factors constraining salmon
and steelhead productivity. Achievitigjs levelof understandingequires monitoringand adaptive management
programs that are integrated across all the factors impacting the fish

A significant proportion of theesourcesspent onsalmonand steelheadecovery have focused arstoration of
freshwaterand estuarinehabitat (Katz et al. 2007Hundreds of millions of dollars have been dedicated to
habitat restoration over the last thredecades (NMFS 2014t there islimited evidenceof the contribution
these efforts have madward salmonrecovery (Cram et al. 2018, GSRO 20R0s information gap led to the
establishment of Intensively Monitored Wattheds (IMWSs) in the earB000s(Bilby et al. 2005)An intensively
monitored watershed is an experiment in one or more catchments with adesiloped, longerm monitoring
program to determine watershedcale fish and habitat responses to restorati@i@ns. The basic premise of
the IMW study design is to concentrate restoration treatments and monitoring resoatcaatershed scaléo
maximiz the ability to detect fish and habitat responses, if they occur. The IMW approach is still considered
effectiveexperimentaldesignfor evaluating watershegcalesalmon and steelheagsponses to habitat
restoration (Bennett et al. 2016)

The intentof this project is to provide to the broader salmon recovery and habitat restoration community an
initial indication of the management implications of the IMW results to date and to suggest how this

information might be applied in their own programslhis project is not a technical evaluation of IMW

monitoring programs nor an assessment of the effectiveness of IMW study designs. The target audience for this
report includes salmon conservation and recovery managers, policy specialists, habitat restpratititioners,

and monitoring specialists (Table MW researchteams regularly report results from thestudies €.g.,

Anderson et al. 2019), artlere have beerseveral reviews of IMW results (Roni et al. 2015; Bennett et al. 2016;
Roni et al. 2018 However, there have bedaw attempts tosynthesizaesults across IMBtudiesin the region

for the purpose of identifyingpportunities to improvehe effectivenes®f restoration programs.

Thirteen IMWSs participated in the development of théport (Figure 1)The participating IMWs extend across
much of theUnited State$?acific Northwest from northern California to the Canadian border and from the
PacificCoastinland to IdahoThe IMWSs evaluate a wide range of restoration treatments butrtizst common
treatments include wood addition, riparian restoration, and barrier removal (Tabl&t IMWs evaluated
multiple treatment types, averaginigve different types across the participating studies. Anadromous species
being monitored includeteelhead,Chinook SalmgrCoho SalmorandPacific Lampreyseveral of the IMWSs
are also evaluating the response of resident trout to restoration treatmehtside range of fish population
metrics are measured and responses to treatments vary among INMMfsg 2).



Tablel. The six different types of stakeholders that could incorporate management outcomes from the IMW studies into
their own programs and projects.

Stakeholder Role
Salmon Recovery Develop and implement strategies to support recovery and conservation of salmon and
Program Managers steelhead. Program success is based on achieving viability goals and, in some cases, re

and managing impacts to salmon and steelhead across their life cycles: hhhitagst,
hatcheries, ocean and climate conditions, and hydropower systems.

Habitat Restoration Develop and implement habitat restoration and conservation plans and strategies to imp
Program Managers and protect watershed conditions. Programs support achieving salmon recovery and
conservation goals.

Monitoring Specialists Lead habitat and fish daiollection, analysisand assessment efforts. In the case of
Intensively Monitored Watershed programs, implement lgegm fish and habitat monitoring
at watershed and populatioscales.

Habitat Designers and Implement habitat restoration and emservation strategies by working with landowners
Sponsors community membersand salmon recovery program managers to identify, desigd
construct restoration and conservation projects.

Landowners and Land Local stakeholders that monitoring, habitat and salmon program managers collaborate W
Managers implement recovery and restoration actions. Restoration projects cannot be implementeq
without landowner support and approval.

Program Fundet$olicy | Support the programs that fund and regulate salmon recovery and habitat restoration wg
Makers andElected Essential partners to communicate priorities and results for f@mg program
Officials implementation.
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Table2. Target species and life stages, treatméypes assessed, and habitat and fish responses to date for individual IMWSs. For species life stages, J=juvenile, A=adult.
Habitat and fish responses represent a simplification of results intended to convey generalities. Individual IMWs haventeiidy degns anddata collection and

analyses methods that inform the results included in this table; more details on scope, asseswtierdologies and results can be found in Appendisnhpshots

and in individual IMW report documentin the tablegreenr, dicftes increasesto dateed@ A Y RA Ol (1 Sa RHBUONBA ERBAROH RS RIS IOK!E y 3 8
NEY indicates not evaluated yet, and blank cells indicates not reported. For metrics marked NEY, the results are insstmrtb@as@ng but in others areoatingent

on additional funding. Increases and decreases do not necessarily represent statistically significant thangeg cases this summary table is based upon

incomplete data and data collection and analysis is still ongoing.

—_ [
g2 e g g g g S|, 85, E’% s |2, %> 3g8] &
=49 Q| %8| | &£ |%E|28 s |28 58 S || L
Targeted Specie
Steelhead| 12 J, A J, A J, A J, A J, A J, A J, A J, A J, A J, A J, A J, A
Chinook Salmory, 8 J, A J, A J, A J, A J, A J, A J, A J, A
Coho Salmor] 7 J A J, A J, A J A J, A J A J, A
Cutthroat Trout 4 J, A J J, A J
Bull Trout 3 J, A J, A J, A
Pacific Lamprey 2 J, A J, A
TreatmentTypes
e oy 1 | X Lo o [ ] |
Large wood or engineered Io.g .ja 11 X X X X X X X
for lateral connectivity
Riparian restoration or protectiof 11 X X X X X X X X X X X
Longitudinal reconnection (e.g., dal 10 X X X X X X X X X X
removal, culvert replacement
Beaver dam analog| 7 X X X X X X X
Lateral reconnection (e.g., removi X X X X X X X
of dikes Jevees)
Road abandonmen| 6 X X X X X X
Boulders| 4 X X X X
Flow augmentation 3 X X X
Hatchery augmentationp 2 X X
Nutrient addition 2 X X
Fish protection screen; 2 X X




s B8 e B e els [Bals |e.]2a] B
S22l £ g pe = 52 |2k | Ts< | BF 50| 929 | =4 g
s=f g |2 | 2| 8| § |78|="|28|e" |27 |Suw s8] §
* < @ w T - = n )
Habitat Responsé
Riparian quality or quantity 7 NEY 3] 3] NEY 3] NEY 13) 3] T 1) NEY 1)
Channel or channel umtsqg:zd;itt))/l 11 m ™ NEY m . m a n T n m b b
Floodplain or estuarine Iz_nltgre 10 s l'b l'b s l'b s l'b l'b l'b l'b
connectivity
Longitudinal connectivity 10 1 1 1 1 1 13 1 1 1 T 1
Habitat complexity] 9 3] 18] NEY T 18] T 13) 3] T 13) 1) 13) 1)
Sediment quality] 7 13) 18] 18] T 18] Q@ NEY @ 1) 13) 1)
Sinuosity| 5 3] 18] 18] NEY 18] NEY | NEY T NEY 1)
Stream width:depth| 6 NEY 1 1 rb NEY rb 1 1
Temperature improvementy 4 T 13) 13) T T T T NEY T T 13) T 13)
Flow improvements 4 %) 13) T T 13) T 13) NEY | T T
Water quality improvementy 2 T 18] NEY T NEY | NEY T 1) NEY
producton mprovements. 3 8| Nev | Nev | Nev ) Nev B nEY | B
Fish Responsg
Marine survivall 0 NEY NEY T NEY NEY T T T
Adult abundanceg 2 NEY 13) T T T T T (] NEY | NEY T 13)
Redd numbery 2 1 T T T T T NEY | NEY | T 1
Smolt production| 8 13) 13) 13) 13) 13) 13) NEY | T T T 13) T 13)
Juvenile abundanc¢y 7 13) 13) 13) T 13) 13) 13) T T 13) NEY
Juvenile density 5 m M NEY | T T @¢ T T @ M
Juvenile survival 7 T 13) 13) T 13) 03] 13) T 03] NEY 13) NEY
Juvenile growth or siz¢ 3 0] NEY | T NEY 1 1 T 1 T T T
Juvenile residence tim 4 Q@ NEY | 7 13) NEY | NEY | NEY %) 13) NEY
Life historydiversity 5 NEY 13) T 13) NEY | NEY | NEY 13) NEY 13) 13) NEY
Fish distribution| 7 NEY 1 1 T 1 1 1 1 1




Table 2 Footnotes

aExamples for Habitat Response categories:
Riparian quality or quantity improvement in riparian, floodplain, or estuarine wetlacohdition, buffer width, riparian composition, nemative plant reduction,
increase in large wood inputs, etc.
Channel or channel units quality or quantitymprovement in channels or channel unit types (gxgols, blind channels), increase in length, area, depth, number,
areal extent, wetted extent, etc.
Floodplain or estuarine lateral connectivityncrease in the duration of floodplain or side channel inundation or reconnection, reducing stream poweddrstour,
decreasing incision, etc.
Longitudinal connectivity addressing upstream or downstream fish passage in some form, increasing longitudinal access in channel network
Habitat complexity increasing the heterogeneity of habitat types in freshwated/ar tidal systems, increasing river complexity index valnereased marsh area per
channel lengthetc.
Sediment quality restoration of sedimentation processamproved sediment sorting, improving spawning substrate, reducing fine sediment, etc.
Siruosity: linear length to stream length ratio, reducing stream power, etc.
Stream width:depth improvementgoward site specific objectives of width to depth ratio
Temperature improvementsimproved temporal or spatial thermal heterogeneity, decrease inimam summer temperatures, etc.
Flow improvements increased low flow, decreased peak flow, decreased stream flashiness, etc.
Water quality improvements an improvement in any water quality parameter, outside of temperature, identifiedsite-apecific objective
Primary and/or secondary production improvementsarious measurements of biomass, macroinvertebrate or plankton biomass or composition

b Examples for Fish Response categories:

Marine survival:measure of ouof-basin survival,ypically smolt to adult return ratio

Adult abundanceadult return estimates or escapement values

Redd numberscount or estimate of redds

Smolt production:the number of smok produced in the study area or per unit area

Juvenile abundancetotal numberof juveniles in the study area or for a defined area

Juvenile densitythe number of juveniles per unit area

Juvenile survivalmeasure of freshwater production (e.g., egg to smolt) or seasonal survival (% survival from summer to fall)
Juvenile growth or ize:growth rates by age class and season, size atragtation

Juvenile residence timedate of outmigration, age at oumigration

Life history diversity:an increase or change in life history that could benefit the population

Fish distribution:percentof available habitat occupied, changes in relative density by location within distribution (for either juveniles or adults)

¢ The threewesternWashington IMW complexes comprise a cooperative study with a shared design and staff and some analyses that incorpbatealkt@
watersheds. See snapshots in Appendix 1 for individual IMW details.

4In these cases, decreased densitycrowding ofjuvenile fish was the desired respormed is considered a positive fish response



Oursynthesis effort includeébur primary steps:

1. Agquestionnairewas sento the Pacific Northwest Aquatic Monitoring Partnership (PNAMP) IMW
Working Group, consisting of volunteer representatives fifeacific NorthwestMWs,asking for
treatmenttypes,habitat and fish population responseand management and polidgarnings Thirteen
of the 16 IMWSs that received the questionnaire were able to provide responses.

2. A series of three workshopgere held inNovember and December 2021 to discuss collective results
from the questionnaireand todevelopcollectiveda O2 NB Y&Sa al 3Sa

3. Some dditional informationwas obtainedrom anrual reports prodiced and sharedfter the final
workshopand incorporated into the report.

4. Publication of this report detailing the collective core messages and reconingemanagement and
policy actions for applying IMW results.

Thecore messageislentify findings common amonfyWs andindicate possible alterations in restoration

strategy that could improve program effectiveness and efficiency. This synthesis reflects commonalities in the
group experience to date and is subject to change as we learn morecféenessageare presentedn three
categories: Habitat and Fish Responses, Management and Coordination, and Current Research Priorities and
Future OpportunitiesWithin each of the categories, thmre messageare organized to first present items

related to establishing restorath program prioritiesthen progress to items more specific to individual project
selection,siting,and designThe final section of the report provides a lisrecommendednanagement and

policy actions that would facilitate the application of the IMégults.

Thecore messageare intended to provide preliminary management recommendations and are in no way
intended to imply that the IMWs have completed data collection and anal@sily. two of the 13articipating
IMWs indicated they have completed data collection effaltsfact, it is abundantly clear from the information
collected through this process that further evaluation of system response to the application of restoration
treatments can improve our understding of how to effectively develop and implement restoration strategies.

IMW Core Messages

Habitat and Fish Response

IMW findings to date indicate that many of the implemented restoration methods can improve aquatic habitat
and elicit a positive fish resnse.However, the degree and type of habitat and fish response to restoration
treatments varied among IMWs, as detailed bel@everal factors are likely responsible for the diversity in
system responses. IMWs vary in attributes like land use, vegetatipngraphy and other factors that can
influence habitat and fish response to restoration treatment. IMWSs also evaluated different combinations of
treatment types.An additional complicating factor is that fish responses to habitat restoration in mahsIM
are impacted by oubf-basin factors, including ocean productivity effects on marine survival, fishing, and
mortality associated with dam#lonetheless, IMWSs do provide evidence that some of the actions being
implemented to improve freshwater anestuarine habitat conditions can result in positive fish and habitat
responsesThe IMW results also identify some areas where our understanding of the linkages between
restoration action, habitat modificatigrand fish response is incomplete.

All IMWs masured habitat and fish responses to the application of restoration treatmétasiever, the

habitat features and the fish population metrics that were measured varied among (Watie?). Fish metrics
tracked by the IMWs were especially diverstast IMWs measured one or more indicators of fish abundance,
such as spawner abundance, parr denstysmolt productionSome IMWs also measured more detailed
demographic elements includinde-stagespecific survival and production (i.e., the rate of changetal
population biomass)Some IMWs also tracked changes in life history diversity, such as migration #dhioig.
these elements are important components of fish response to the application of treatments and are directly
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relevant to the four Viable $aonid Population (VSP) parameters (abundance, productivity, spatial structure,
diversity) that are usebly the National Oceanic and Atmospheric Administratiorirack progressoward
speciegecovery.For simplicityn the core messages desiredish response to habitat treatment is generically
NEFSNNBR (2 | & I .£Forldetgisiabout@iecifie ish risspandesipladasy @fér to Table 2.

Thecore messageis this section are presented starting with items related to restoration program design and
then providng more specific messages focused on fish and habitat responses to types of restoration projects.
The order of thecore messagedoes not reflect theidegree of relevance to the development of restoration
strategies.

1. Identifying primary factors limiting fish production and survival is critical to the design of an effective
restoration program.If restoration does not address the factors constrainingtiproduction, a
biological response is unlikely to occuMWs have demonstrated that accurate identification of
limiting factors can be difficult.imiting factors are not stati@and their relative impacts vary over space
and time.A comprehensive assessment of factors limiting fish production can greatly improve the
effectiveness of restoration programReassessing these factors periodicaltyough a monitoring
program can hdp ensure restoration actions are focused on the factors constraining fish production
andimprove the likelihood of achieving desired fish responSesne IMWs have altered their
restoration design based on a more thorough evaluation of limiting facEesmples of IMWs where
additional factors controlling fish production were identified during the study include:

a. Warm water temperature apparently limited steelhead and spfiignook Salmoim the
Middle Fork John Day IMMireventing a population level fish response to restoration actions
b. Lack of a significant responseG@oho Salmosmolt production at the Hood Canal IMW after
wood treatments may be relateldw numbers of spawning fish in the watershed.

2. Accounting for factors that may influence population responses outside of the target watershed is
critically important for setting realistic expectations for a biological responsgeveral IMW studies noted
external factors that are likely limiting fishsggonses to restoration, including:

a. Relatively poor habitat conditions in the mainstem Columbia Ringtgbly mortality associated
with the hydropower system, and variable ocean conditions likely reduced fish responses to
restoration in all IMWs above th@olumbia and Snake River dams.

b. Variable ocean conditions and high harvest levels may limit the number of spawning fish, as
noted in the Hood Canal and Lower Columbia IMWs.

c. A combination of harvest restrictions and hatchery fish supplementation, in addit dam
removal, likely supported stronghinook SalmgrCoho Salmorand steelhead responses to
dam removal in the Elwh@&iverIMW.

3. The time required for a monitoring program to evaluate effectiveness of restoration treatments is
influencedby the pace of restoration project implementation and the extended period required for full
expression of habitat and fish responsddabitat changes expected from restoration actions have
different response times, ranging from less than a year to decadespéjsitation responses can require
even longer tim&amesbecause full biological responses cannot occur until habitat changes are fully
expressed and fish complete several generatibmgases where extreme disturbance eveaftect
restoration progress (g., extreme flood event at the Strait of Juan de Fuca IMW), fish responses can take
even longer to detect. Expected response time for restoration actions should be considered when
developing monitoring plans to ensure that resources are available toefudllyiate restoration treatment
effects.

4. Habitat restoration can enhance life history diversity of targeted salmon and steelhead populations.
Increased life history diversity of salmon and steelhead populations enhances population resilience and
can contibute to overall productivity



a. Steelhead life history diversity expanded in the ENRinaerIMW because of barrier removal.
Notably, summer steelhead reappeared in the system.

b. The PotlatctRiverIMW documented a shift in steelhead emigrant life history in one of the study
watershedgoward older, larger emigrants with an associated positive shift in survival to Lower
Granite DamThe extent to which this change is associated with habitat restumas being
evaluated.

c. Expanding delta habitat for migratir@@hinook Salmofry at the SkagiRiver EstuaryMwW
increased growth rates, residence time in the de#tad, apparently smoltto-adult survival
rates.

5. The IMWs provided a more completenderstanding of migratory behavior of juvenile salmon. This
information can be valuable in the development of restoration strategies that directly address survival
bottlenecks A variety of juvenile salmon and steelhead migration behaviors were obsentkd IMWSs.
The high degree of movement exhibited by these fish emphasizes the need for restoration pragiams
a watershedscale perspective. IMW examples of juvenile migratory patterns, and the habitat actions
these behaviors might suggest, include:

a. Chnook Salmoriry emigration to the Skagit River delta indicated that increasing estuarine
habitat could generate a positive fish response.

b. FallCoho Salmoparr emigration at the Strait of Juan de Fuca and Lower Columbia IMWs
suggests that increasing availability of winter habitat could teféective restoration strategy.

c. Large numbers d€oho Salmofry emigrants seen at several of the IMWSs suggests that
expanding habitat suitable for fry could be an effective restoration technique.

d. Juvenile steelhead migration from tributaries to mainstem river habitat (and continued rearing
before smolting) has been documented in tAsotin CreekPotlatchRiver and Wi River
IMWSs, suggesting that restoration plans need to incorporate elements to enhance both
tributary and mainstem habitat.

e. Inthe Asotin Creek IMW, scale analysis and PIT tag monitoring identified as many as 25
steelhead life history strategies, diffegnn timing of movements and duration of residency in
various freshwater, estuary, and ocean habitats. Resident steelhead that produce anadromous
offspring have been found to be an important mechanism for maintaining population levels,
especially when adtiescapement of steelhead is low.

f.  Migration of juvenileChinook Salmofrom warmermainstem habitat intacoolertributaries
during summer periods was documented in t&ldle Fork John Day IM\&uggesting
restoration actions targeting connectivity at tributary confluences could be beneficial.

6. IMW resultssupport previous work thatsuggest thatrestoration efforts should be prioritized following
0KS 3ISYSNIf &idNI S 3 thenFestaredNER Sur@th af thélfaidtat gind s G
responses to treatments may be, partially, a product of initial watershed conditmrations where
watershed processes are relatively intact apptahnave a higher probability of generating a more rapid
fish response to habitat treatments (e.@sotin CreekElwhaRive). Watershed scale habitat restoration
requires a suite of complementary, stepwise actions to address limiting factors. Mulegliertents that
enhance and build on each other are likely necessary, along with time and patience.

a. Focusing initial restoration actions on locations close to relatively intact habitat and gradually
working into more degraded reaches iselfective strategylf connectivity in downstream
reaches limits access to areas of higher quality habitat, restoring connectivity should be a
priority. TheAsotin CreekElwhaRiver Lemhi River, and Hood Canal IMWs are examples of this
approach and allenerated positive fish responses.

b. Reconnection of isolated habitatvhich is in relatively good conditioopnsistently generates a
rapid, positive fish response.



7. Removing longitudinal barriers resulted in dramatic and immediate fish and habitat responses across
multiple IMWs. The removal of fish passage impediments, such as dams and culverts, improved habitat
conditions andesulted inpositivechanges idish response at all IMWs where this treatment type was
evaluated. Fish responses observed included increpseshile and adulabundance, expanded
distribution of juvenile and adult fisland increased life history diversity. 8deresponsaindicate
longitudinal barrier removal can both increase salmon abundance and enhance population resilience.
Examples of this include:

a.

Dam removal in the ElwiaiverIMW resulted in increased distribution and adult abundance of
steelhead, juvenile abundancg Chinook Salmaras well as the reappearance of a summar
steelhead life history.

Reconnecting tributaries in the Lemhi River watershed increased distributiGhinbok
Salmon steelheadandBull Trout and improved juvenile salmon survival.

Improving passage through the lower Potlatch River watershed by modification of existing
structures resulted in increased steelhead spawning distribution.

Coho Salmospawning distribution increased one year afteebedrock stream channel limiting
fish passage was addressed at the Lower Columbia IMW.

Removal of a culvert at the Hood Canal IMW led to an increaSehn Salmosmolt
production.

Aquatic organism passage projects and the removal of the single logiwéitsutaries of the
Middle Fork John Day IM@kpandedChinook Salmoparr distribution.

8. Removing lateral barriers also resulted positive fish and habitat responsestaeverallMWs. Fish have
consistently demonstrated that they will colonize new habis soon as it is availablEhe removal of
levees and other floodplain and tidal habitat barriers was found to result in greater abundance and
diversity of salmon and steelhead. Examples of this include:

a.

Removal of levees that were restricting access to tidal channels reduced competition, increased
residence time, and increased growth of emigrat@ignook Salmofry in the SkagiRiver

EstuaryiMW.

Floodplain reconnection promoted through the use of Bedyam Analogs, and subsequent
increase in beaver activity, was associated with a strong, positive response by juvenile steelhead
(see following core message).

One exception to positive fish response to floodplain reconnection was reported at the Hood
CanallMW. Initial results indicate that floodplain reconnection through levee removal and
increased beaver activity has not led to an immediate increa@oho Salmosmolt

production, but these results are preliminary (only three years after restoration).

9. A strong, positive response from juvenile steelhead to floodplain reconnection caused by increased
beaver activityand encouraged by the use &eaver Dam Analogs (BDAs), was observed at Bridge Creek
IMW. BDAs are effective at increasing pool habitat and reconnecting floodplains. Although the impact of
beaver activity on habitat and fish was monitored primarily at the Bridge Creek IMW, evalahterent
treatments at theAsotin CreekLemhi Riverand Hood Canal IMWs are ongoing and may provide
additional information on the efficacy of this restoration approach. Some key considerations regarding the
use of BDAs include:

a.

BDAs can mimic beaverma and promote benefits of beaver, such as providing deep water and
sidechannel habitat as well as support greater floodplain inundation, habitat complexity, water
storage, flood attenuation, increases in riparian extent and health, temperature refaia vi
groundwater pathways and summer and winter temperature heterogeneity.

Habitat changes initiated by BDAs can be sustained in thetdomgby beavers, and BDAs

should be considered part of beaver reintroduction programs.

Stream size, gradient, and sedimenovementshould be considered when siting BDA projects.
Modeling of beaver dam capacjigndincludingbeavers as part of stream restoratidndicate
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that beavers and dam building appear to take place across a wide range of stream types,
gradients, and elevations.

10. Estuary habitat reconnection at the Skadgiiver EstuaryMW generated some of the strongest
biological responses across the IMW studi&sesults from this study include:
a. Levee removal increased availability of delta habitajdeenileChinook Salmofry, leading to
reduced competition, increased residence time, and increased growth.
b. There is some evidence that improved estuarine rearing condiaomsausing a positive trend
in smoltto-adult survival rates, which could ultimately translate into increased adult abundance.

c. Benefits observed from the reconnection of tidal habitat also may be achieved by reconnecting
floodplain habitats in freshwater stggns with limited floodplain access (Bridge Creek IMW).

11. Wood placement can have beneficial effects on habitat and fish, but some IMMige not yet observed
aresponse to wood treatmentsWood is typically added to streansenhance aquatic habitat by
providing cover and influencing hydraulics asdliment dynamicsNVood additionscan result in changes
to stream channel morphology and habitat features likereased quantity and depth of poasd
reduced widthto-depth ratios. Evaluatingpabitat and fish responses to this treatment type was
complicated by the fact that wood addition was often only one of several restoration actions implemented
in IMWs(Table 1)and sometimes was only one of several actions taken within desstiggam reachAs a
result,fish and habitat responses at the watershezhle are a product of a suite of restoration actions,
making it difficult to isolate responses to the wood treatmemisweverwood placement is the most
common treatment applied at the IMWs and is a very common restoration action across the Pacific
Northwest. Therefore, thevariable habitat and fish responses to large wood treatments among the IMWs
indicates a need to better undstand howto best utilize this restoration technique.

a. Some IMWs reported positive habitat changes in response to wood additionAedin Creek
IMW), but not all A detailed analysis of habitat response to treatments across three western
Washington IMWSs (Lower Columbia, Hood Canal, and $fraitan de FucddWs) concluded
that trends inlarge woodand other habitat metrics ranged from positive to none to negative,
even in stream reaches with substantial restoratiSeveral possible exalations for the
unexpected results are:

i. Habitat quality continues to declinppssiblya legacy of past land use actioRer
example, numerous projections of wood input suggest that the buffers on streams
required since the 1980wiill not begin to make significant contributions of wood for
several more decade3herefore, channel complexity continues to decline in most
systemsThis decline in habitat quality is occurring more rapidly than habitat
improvement from restoration, making it difficult to detect a habitat response to the
treatments.

ii. There is a high degree of natural, temporal variability in habitat condiRamges b
habitat metric values among years often exceeded estimated effects attributable to
restoration, making detection of a habitat response difficulisBynamic nature of
regionalwatershedsecessitate¢ong periods omonitoring to detect impacts from
restoration efforts.

iii. Wood added was undersized for the stream power and sometimes placed in transport
reachesAs a result, much of the addéarge woodmoved in high flow events and failed
to have the anticipated effect on habitat condition. Tresultemphasizes the
importance ofproper siting andlesign of wood structures to maximize the likelihood of
having the desired habitat effect.

b. Fish response to treatments also varied among IMWSs.

i. IMWs with modest, positive improvements in fiskssponseafter wood placement
included theAsotin CreekStrait of Juan de Fuca, and Lower Columbia IMWSs.
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ii. Little or no fish response was observed following wood additions at Pudding Creek,
Hood Canal, Methowiver and Middle Fork John Day IMAA life-cycle model for
steelhead in theMiddle Fork John Day IMdémonstrated that wood additions would
be unlikely teelicit a fish response unless paired with reductions in summer water
temperatures.

12. Many restoration treatments seek to restore natural rer processes. However, some level of ongoing
maintenance, adjustmentand enhancement are likely required before conditions are suitable for
natural processes to maintain highuality habitat. Supportfor project maintenance should be
considered when gestoration project is initially implementeds should the likelihood of maintenance
needs given the project location and site conditior@@imate change may affect the ability to achieve
processbased habitat goals, and this possibility should be ackedged in project design and
maintenance expectations.

a. Project performance needs to be assessed periodically; aquatic ecosystems are dynamic and
restoration treatments may need to be modified to adapt to changing conditions.

b. Large woodand riparianrestoration effortsoften require maintenance or enhancemetut
ensure the desired habitat response is achie(@d., addition of more wood, enhancement of
existing structures, or construction of new structures to promote more positive habitat
changes)Upkeep of projects may be required faperiodto help reestablish selsustaining
processes, (i.e., mimic, promote, and sustain wood accumulation and habitat complexity
benefits). Maintenance of both wood added to the channel and riparian treatments may be
needed to achieve project objectives.

Management and Coordination of Restoration Implementation

IMWs identified a variety of challenges related to project management, public and private landowner
relationships, agency permitting, and other issues that complicatedyimplementation. The IMVécientists
consistently identified several issues that should be considered in the design of future monitoring programs.
Some of theseore messageare also directly applicable to the design and execution of habitat restoration
programs Note that literaure identified in the References and Othéteraturesection expands and provides
detail on several of the core messages identifietbw.

Many IMWs reported consistent issues with treatment application and the translation of project results into
managemat recommendations. Assumptions made in initial project design about the feasibility of applying
restoration treatments within a narrow time window often proved to be overly optimigtmplying treatments

over an extended time period was often inconsidteuith the original experimental design and complicated
evaluation of treatment effects. Translation of study results into concrete management recommendations was
hindered by the lack of a formalized adaptive management process at most IMWSs. Developaetearly

defined process for the application of IMW results to restoration progsanategiesand habitat project design

will greatly enhance the value of the IMW studies to managers.

Evaluation of fish response to habitat treatments was compromisectatly all the IMWSs by otdf-watershed

and nonhabitat influences on fish populationshese factors, which were beyond the control of the project
scientists, may have limited the capacity for fish populations to respond to habitat restoration treatments.
Ocean conditions, fish harvest, hatchery, and hydropower impacts on migrating fish were identified as being
factors that could limit the response of the fish to modifications of freshwater and estuarine habitat conditions.
Climate change is likely maskithg benefits of habitat treatments to targeted fisBonsideringhesefactors in
setting reasonable expectations for fish responses to restorationld improve scientific understanding

because most of these factors are not under the control of habitat restoration progfEmestact that some

salmon populations are impacted by factors other than habitat conditions does not imply that habitat
restoration is not beneficiahigh-quality freshwater and estuarine habitat can support population resiliency by
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enhancing fish capacity to persist in the face of climate change or severe disturbance exgntsgjor floods,
wildfire).

1. Adaptive management requires a defined process for extractingnagementrelevant principles
emerging from IMWSs or other monitoring programs, translating those findings into management
actions and communicating this information to restoration practitioneri® a timely manner Some
but not all IMWs haveormal adaptive management planRestoration strategies are most effective
when adaptive management frameworks are developed with clear and measurable progress
indicators and resources are sufficient to support regular monitoring and assesdvhdtiple IMWs
indicated that the lack of an explicit adaptive management process was at least partly due to funding
limitations. Resources earmarked for developing and maintaining adaptive management processes
and community outreach activities are necagsto convey IMW results and build and maintain
stakeholder support.

a. Developing and implementing adaptive management plans for each IMW would expedite the
translation of IMW results into othe-ground management decisions and actions. Adaptive
management plans require the clear articulation of specific target metrics fare¢®n and
monitoring plans, and defined actions when target metrics are achieved.

b. A greater emphasis on developing and communicating the managerakvant information
being generated by IMWSs would greatly enhance their value. This type of outreaaitbarred
to some extent through IMW presentations, handouts, previous synthesis efforts, and presented
in symposia and workshops. However, a more consistent and aggressive communications effort,
and more robust data exchange among IMWs, would improvweréusynthesis and application
efforts.

2. Establishinga program to @ntralize storage of monitoring dataand resultsshould enhance the
effectiveness of adaptive management progranidata management is an ongoing challenge
identified by multiple IMWsDedicated data storage and analysis could help address this issue and
accelerate the communication of IMW resulscentralized system would provide the technical
foundation for a regiorwide adaptive managemenmrogram that generates periodic updates of
monitoring results and recommended management actions based on the findings.

3. Coordination with entities beyond local landowners and habitat restoration community is necessary
to achieve desired population respors to habitat restoration.Multiple IMWs noted that oubf-
basin threats and impacts of climate change and other factors likely limited positive fish responses to
habitat improvementsBetter communication and coordination would be usefuliderstanding the
role of habitat improvements relative to other factoms.g.,hydropower, fisheries, hatcheries,
predation) in determining fish population responses.
a. Collaboration with triles agenées, and other stakeholders that influence factors othiean
habitat is a key step in salmon and steelhead recovery and conservation: freshwater habitat
conditions are unlikely to be the only limiting factor to salmon and steelhead. Understanding all
life cycle impacts is key to evaluagidrivers of fish poplation status and trends.
b. Freshwater habitat restoration can lead to increases in juvenile productivity, but adult returns
may not increase until other factors are addressed.
c. Positive fish responses in the EwWR&erIMW may be, in part, due to the ntidoronged
approach of restorationHarvest limitations, natural fish recolonization, and hatchery fish
supplementation were combined with the expanded availability of freshwater habitat to
accelerate fish response. Tligproachillustrates the benefit oaddressing multiple limiting
factors in a coordinated manner. Genetic analysis showed that the return of the summer
steelhead run was independent of the hatchery fish supplementation program, but the
abundance of other populations in the watershed weruenced by supplementation.
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4. Restoration program implementation and monitoring would be more efficient and effective if
consistent, stable funding sources were available to support ledegm and largescale restoration
strategies.Current funding isften highly competitiveand limited, leadingo inconsistent and
piecemeal implementation of restoration. Communicating with program funders on the need for more
planning support to work with landowners and permitting agencies on restoration strategiglsl wo
help enable the development of more effective, letlegm restoration and monitoring programs.

Support for planning and project coordination would be especially helpful in watersheds with multiple
landowners and multiple restoration organizations whereject support can come from a variety of
sources.

5. IMWs have developed the monitoring infrastructure, scientific partnerships, and landowner
relationships that enable the intensive monitoring required to evaluate fish response to restoration
treatments. The IMW concept remains one of the only experimental designs available to evaluate
watershedscale fish response to habitat restoratioks a comprehensive understanding of fish
response to various types of restoration actions is key for adaptively imgd¢ke effectiveness of
restoration programs, continuation of data collection at IMW sites will be valudblese studies are
key for assessing new restoration methods, or how past restoratiojectsfunction under new
conditions.

a. Quantifying the cumualtive benefits of multiple restoration actions can only be captured by
longterm, comprehensive monitoring efforts. IMWSs provide the data required to conduct this
type of analysis

b. IMWs are an important component of adaptive management processes bedagiseime
series data are critical for refining restoratiand management strategies

6. Supportivelandowners, land managers, funding partnerand local communitymembersare critical
to ensuring that restoration actions can be implemented at locations most likielyenefit fish.
Salmon recovery and habitat restoration programs rely on diverse stakeholder groups and funding
resources to accomplish their goals. Buildinghownity supporthas been shown tbe animportant
part of restoration planningand when adequately supported can improve outconiiefakes a great
deal of effort to build the relationships required to accomplish restoration program goals. One
important and recurring message from the IMW synthesis effort was the importance of collaboration
among program funders, monitorirgpecialists, designers, landowngasd managers. IMW studies
illustrate the complexity of working in these highly collaborative environments when conducting long
term monitoring, designingand constructing restoration projects, and adaptively managing programs.
Experiences from IMWs pralé some insights on effective landowner interactions.
a. Successful project development and implementation are highly dependent upon strong, long
term, workingrelationships with landowners and ldimanagers. ilme, effort, and thoughtful
care given to devefuing relationshipgan improve project succes€ommunity and towshall
meetingswere a critical part of the strategy to increase beaver activity in the Bridge Creek IMW,
where community members were not initially in support of teffort. Another good gample of
effective community engagement is provided by the Skiagier EstuarMW. The Skagit
Watershed Council, the primary organization leading restoration efforts in the g/,
developed strong working relationships with landowners and local gorents.
b. Communicate consistently and ensure messaging is tailored to the audience and presented in an
appealing formatDemonstration projects can be a valuable communications ©oardination
of communication efforts with other entities doingstoration or monitoring is necessary to
ensure messages to the public are consistent.
c. Helping landownerand stakeholdersinderstand restoration principles and project objectives
has been shown tgeneratesupport. A currentwatershed assessment and #luations of the
potential benefits of habitat restoratioare effective communication tools.
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d. Working on public lands or acquiring private property where local support exists may enable the
application of largescale restoration strategies and streamlimstoration and monitoring
efforts. Elements of this approach were utilized at tiéddle Fork John Dayhd MethowRiver
IMWs.

e. Once landownerand community memberare engaged in a restoration program, they may
become restoration advocates and encouragleliional landowner participation in the
restoration effort.

f. Itis important that landownerand the local communitynderstand the longerm commitment
that restoration design, implementation, monitoringnd adaptive management require.
Outreach to landowners and funders during restoration program development can help ensure
timelines are understoodCoordinatedengagementimong restoratiorpractitionersmay help
prevent landowner fatigue from constant divaried restoration contacts.

7. Although IMWs are widely distributed across tHeacific Northwest careful consideration of the
specific conditions at the study sites will be required to reliably extend results to other watersheds.

a. Byunderstanding the mechanisms of habitat and fish responses in IMi@/should be able to
apply these results to other watershedé2 6 S@SNE G KSNB AayQid | 3I22R
extrapolation

b. The IMWshaverelativelygood regional representation, including nurnes sites in both coastal
areas and east of th€ascade Range

c. None of the freshwater IMWSs included in this compilation of results were in the western
Cascade Rang&here would be increased certainty in applying IMW results to watersheds in
thisregion if an IMW watershed had been located there.

d. Land use activities in the IMW watersheds were primarily forestry, agriculture, anddosgity
residential development. The results obtained from the IMWSs will likely require careful review
andadaptation before they can be applied to watersheds where urban land use predominates.

e. Extension of results of other geographies could be facilitateddmsificatiorof
hydrogeomorphology.

Current Research Priorities and Future Opportunities

Through theconversations and discussion of this project and the development of this report, several newer
guestions and opportunities were identifie@ihe following are current research priorities and future
opportunities, and in some situations, IMWs are uniquelgipponed to help answer.

Monitoring at 11 of the 13MWs is incomplete and meaningful additional information can be generated by
completing planned evaluation effortSome consideration should be given to providing ket support for
some of thecurrent IMWSs for evaluation of new restoration strategies and protoddés/ing these sites
available will greatly reduce the time and expense required to answer these questteniVIWs also provide a
mechanism for tracking the impacts of a changingaiémon aquatic habitat and fish populatiorfnd the

IMWSs can help provide a realistic perspective on the time required for ecosystem processes supporting fish
populations to be restored.and use impacts on watersheds and estuaries have been ongoiogefdt50

years and reestablishment of fully functioning systems may require considerably more time than was
envisioned when restoration programs were established several decade®agqossibility is to convert some
of the existing IMWSs inttong-term research sitedjke those managed by the Lofig@rm Ecological Research
Network

1. Continued monitoringof system responsgto treatments are required to fully characterizéish and
habitat responsesat most of the IMWs At many IMWSs, habitat and fighopulation responses may not
yet be fully expressed.ack of responsds due in some cases to extended restoration treatment
timelines and the complexity of detecting a fish response, especiafigideringout-of-watershed
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effects on populationd?ower aalyses were conducted by several of the IMWSs to estimate length of
time required to determine if a fish response occurrétis type of analysis can help identify monitoring
timeframes for individual IMWSs, although implementation schedules, environmeotaditions, or new
study questions may require expanding the monitoring timeline.

Develop a better understanding of thdegreeto whichimproved spawning and rearing habitat
influence marine survival and adult return&valuation of the extent to which jpnoved habitat
conditions contribute to achieving recovery goals remains a key question for restoration progitzens.
SkagitRiver EstuarfMW has found some indication that estuary restoration appears to enhance-smolt
to-adult survival ofchinook Salmarand there are early indications of increased adult abundanbes.
observation suggests habitat restoration can positively affect adult abundance. However, many
guestions about the extent to which habitat restoration camtibute to increases in adult salmon and
steelhead abundance remain.
a. Can improvements in freshwater habitat and productivity provide survival benefits in
downstream habitatsincluding the ocean?
b. To what extent can improved freshwater and estuarin®itat conditions help offset negative
effects from outof-basin factors, such as fish harvest, dam mortadihd poor ocean
conditions?

Further assess ihabitat restorationincreases resiliency of salmon and steelhead to climate change

impacts IMW provide an opportunity to assess thgtent to which different restoration strategies

contribute to resilience of freshwater and estuarine ecosystems when impacted by extreme high and

low flow conditions, fires, or other disturbancésis understandig could aid in the development of

restoration strategies and designs to address climate change impacts.

a. Animproved understanding of the effect of habitat condition on life history diversity and

survival rates could help identify limiting factors likedytte worsened by climate change and aid
in the development of more effective restoration approaches.

Identify the factors responsible for the variable fish response to wood addition treatmeriisere was
variation in both habitat response and fish respoitséarge wood treatmentamong IMWs Additional
monitoring at the IMWs evaluating response to wood addition should help identify some of the factors
responsible for the variation in response. Some hypotheses about the variation in responsaisede
during the workshops and merit additional attentiofhese hypotheses included:

a. Not enough wood was added or not enough of the watershed was tredieerefore, the
added wood did not have a sufficient effect on habitat condition during the studpgto
cause a fish response.§, Pudding Creek).

b. The added woodvas transportedut of the treatment or monitoring site(s) so it could not be
assessed.

c. Alonger evaluation period is required to detect fish response. Large wood changes habitat
conditiors following channelorming flow events. This is especially true with large wood
treatments designed to interact with and reconnect floodplain habitats. Lack of fish responses
to wood placement at some IMWs may be due, in part, to the lack of a chéommeing flow
after treatment.

d. Wood loading was not a primary factor limiting fish production

Assess howestoration techniques could provide benefits for nativealmon and steelheadb reduce
impacts ofpredation and competition Nativesalmon andsteelheadare impactedoy native and non
native species through competitionrfresourcesandby predation The severity of these impadis an
area of increased interes€Canimpactsof predation and competition be reducdry habitat restoratiof?
None of the existing IMWare examining this questidmut there may be an opportunity to collect
information at some IMWSs tenhance our understanding of this issue
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6. Determinethe relative value of floodplain connectivity in supporting freshwater rearing of salmon
and steelheadMore research on how restotian actionsmayreconnect floodplain habitat and support
positive fish responsesould improve understanding difie benefits of thigestoration strategy

a. Reconnection of floodplain habitat at Bridge CrédkV generated a very positive fish response.
However, preliminary results of a large floodplain reconnection project at the Hood Canal IMW
indicate no fish respons&Vhat are the characteristics of floodplain reconnection projects that
yield positive fish rggonse®

7. Quantify the ecosystem benefits of freshwater and tidal habitat restoratioBome IMW results

indicate that habitat restoration provides ecosystem benefits, including buffering against climate change

impacts, thermal regulationmprovedriparianhabitat and increasedildlife habitat capacityHabitat

restoration alscsupports ecosystenresiliency tdfire and other disturbance event@nly a few of the

IMWs are monitoring system responses beyond aquatic habitat andbfisinclusion ofa few

additional parameters at some of the IMWs may help better characterize the full range of ecological

benefits associated with habitat restoration

a. Habitat changes include climate change amelioration for low flow and water temperature,
floodplain wate storage and groundwater recharge, flood attenuatiand sediment dynamics
(Pudding Creek, Lemhi River, and Bridge Creek IMWSs).

b. These habitat changes are associated with biological changes including increased number of
clutches per year for American Digpin the Elwha River watershed following the increase in marine
derived nutrients from salmon runs, atice potential increase in spawning success of reintroduced
Pacific Lamprein the Asotin CreekMW.

Recommended Management and Policy Actions

In this sectionthe core messagesre usedo identify a set ofmanagement and policygecommendationgo
facilitate the incorporation of IMW findingato restoration program planning and implementatiorhe
recommendations aréntended tosupport decisions bgalmon conservation and recovery program managers,
watershed restoration program managers, and habitat project practitioners and are intended to provide
guidance on improving the effectiveness of itheespective programshese actions build on existing wakd
published literaturdn manycases an@mphasize the need for continued investments and coordination at
watershed and species scales.

1. Build restoration plans and strategies at watershedales andvithin a context ofall potential impacts
to salmon and steelhead viabilitydentifyingthe role of habitat improvements relative to other factors
is critical in understanding fish population responses to management chaflijesugh freshwater and
tidal habitat degradatiorare key impacts to salmon and steelhead, multiple factors may limit or prevent
viability of improvements even when habitat restoration occug$fective estorationstrategieswould
fully consider how these #and outof-basin impacts, likbatchery production, harvest programs,
hydropower systems, ocean conditions, and climate change, may all reduce survival, distribution,
productivity, and life history diversity of salmon and steelhdzaffiective fabitat restoration pograms
would clearly dentify the full suite ofhabitat factorslimiting fish production andinderstand their role
relative of other impactso establish realistic expectation for benefits from habitat restoratiGains in
fish survival, productivity, distribution, and diveyscould be realizethroughimproved habitat
however fish response to improved habitatin also be muted or maskéy other impacts IMWSs
demonstratethat salmon and steelheauditilize multiple habitats across watersheds for rearing and
spawning.Therefore, progressoward recovery goals for salmon and steelheaitl often require
developingstrategies thaencompasshe full range of habitat being used by the figthefollowing
guestionshelpfocusresourcesvhen developing a restoration program:
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a. Canin and oubf-basin impacts be coordinated to maximize, and not underiiegtoration
benefits?

b. Can habitat be restored and protected at watershed scales?

c. Canrestorationsupport fromriverbankand floodplain landownerand the adjacent community
be achieved?

d. Is there a process to colledata and informatiomecessaryo support adaptive management of
restoration strategies?

2. Prioritize restoration methods based on aspects of restoratitechnique effectiveness like cost and
certainty of successVhen selecting restoration approaches, carefully consider cost and certainty of
success in light of desired fish and habitat outcormed climate changél'he established general
strategy of protect, reconnect, and restore continues to hold tidabitat reconnection actions like
removing longitudinal€.g, stream corridors upstream of undersized culverts) and latitudiea,(
disconnected floodplain andletland habitats behind levees) fish passage bargerssistentlylead to
positive fish and habitat gains even thoutjere may beconsiderablglanning and coordination effort
required Gonsider prioritizing low cost, effective restorati@pproaches like hand placed post assisted
log structures, beaver reintroduction, and beaver dam analog construetimre watershed conditions
support these types of actionkarge woodcontinues to be an integral part of mesation, but the
habitat factas limiting fish productiormust be understoodndlarge woodtreatmentsmust be
deployed in a manner thaddresses fish survival constraint4aintenance needs should be accounted
for in budgets and project timelines, as treatments often shift and degjiacghorter time periods than
watershed process improvements occBeriodic reassessment of limiting factors amdisiting
restoration priorities throughout strategy implementatiaan aid in ensuring the most effective habitat
restorationactions are being implemented

3. Implement restoration actions at continuous, landscagealesWatershed scale habitat restoration
likely includes a suite of complementary and stepwise actions to address limiting fadtdtiple
treatments that enhancerad build on each other angsuallynecessary, along with time and patience,
to restore natural riverine and habitat forming processes. Actions should be scaled to river processes
andconsider aspects like stream size and geomorphology.

4. Prioritize andsupport the development of formal adaptive management processes across recovery
and restoration programsAdaptive management is often poorly supported despite being essential for
translating monitoring results to management and policy actiGtestorationstrategies are most
effective when adaptive management frameworks are developed with clear and measurable progress
indicators, and resources are sufficient to support regular monitoring and assesdrusvever,
progress indicators are often poorly definadd actions to be taken if benchmarks are not achieved are
rarely specified.

5. Regularly communicate among IMW monitorirand restoration leads andbcal stakeholders to refine
habitat restoration programs based on study results and facilitate adaptive mgaaent. Strong
coordination between monitoring and restoration efforts is essential for a successful IMW Bi\dg.
are led by ecological monitoring and analysis experts, who are great resources for discussing how their
latest findings may be applied to restoration programs. While many IMW monitoring leads regularly
present at conferences and meetings, more discussigented forums are needed to improvhe
exchange of information between restoration and monitoring practition&fss goalcould be
accomplished by establishing regulasheduledscienceto-policy forunsto ensure efficient
incorporation of newsciel® FAYRAYy3a yR IASYSNIf afSaazya Sk N
These forums could helpbuild connections between monitoring results and management actions and
identify new questions and opportunities
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6.

10.

Support and implemennatural resource programs at watershed and salmon and steelhead species
scalesIMW studies have clearly identified that salmon and steelhead rely on multiple life history
approaches, and that changes in habitat quality and quantity in certain parts afesislied may target
specific life histories, like fry and parr migrants to lower mainstem and tidal areas. If habitat availability
is not considered at all life history scales, opportunities to improve salmon and steelhead viability are
limited.

Provide sable, longterm supportfor fish and habitat monitoring Monitoringisthe foundation of any
adaptive management prograrRegular assessment of factors limiting fish productind modification
of restoration priorities accordingly is necessargtpport more effective restoration programs and
improve the likelihood of achieving desired fish outcont&ssuring that the information required to
adaptively improve restoration progm effectiveness is availablégll require an ongoing investment in
monitoring.Monitoring supportmust be sufficiento quantify fishand ecosystemesponseandis most
effectivewhen conducted irtoordination with salmon and watershed managtrsdentify
recommended actions from monitoring resuldonitoringof all impactge.g, hatcheriesharvest,
hydropower, habitat}o the best of our abilitiesvill ensurean optimal scientifiinderstanding of life
cycle bottlenecks and the role of habitat relative to other impact types.

Consider converting some of the IMWSs to loiigrm research sitesIMWs remain a useful tool for

evaluating watershegcale fish response to habitat restoratidMWs have evaluated some of the
restoration approaches in the region, but not all. Restoration approaches, along with scope and scale,
are likely to evolve over time, and new approaches may be developed. There may be considerable value
providing longterm support to retaining at least some IMWs or IMW components to assess emerging
restoration options and to develop a lostgrm habitat and fish database that can help quantify the

effects of climate change and other evolving impacts.

Provide supportfor restoration planning andpermitting to accelerateimplementation timeframes.
Restoration actions are often delayed due to limited capacity for upfront landoamercommunity
engagementoordination, permitting and consultation processand the need to continually apply for
smaltscale grants to complete largeeale projects. Reducing and removing some of these common
delays will suppornore effective restoration and monitoring programs.

Communicate with stakeholders about their expectations of habitat restoratidRegularly discuss
long-term program expectations with monitoring and management stakeholddemntifying indicators
of success, what factors may impact achieving these, anefiimes for achieving success should be
clearly articulated to all stakeholders and updated as neces$ane and patience are necessary when
implementing habitat restoration at watershed scalasich is likely what is necessary in many areas
given the égacy of historical habitat loss. Fish responses are measured across multiple eollorts
cannot be expected until habitat changes haoeurredand norhabitat survival bottlenecks are
addressedIf nonthabitat bottlenecks are understood but cannot beljuaddressed, fish response to
habitat actions will be limited-abitat restoration programalsohave the potential to support
ecosystem goalsther than fish productionsuch as water quality, stream flowjldlife, and green space
needs. These broad befits are important componentsvhencommunicating program benefits to
stakeholders

Advancing This Effort and Parting Thoughts

There is a great deal to be learned from the IMWs now and in the fullme state of science for habitat
restoration has evolved from relatively small site scale efforts with limited or no monitoring to larger scale
processbased efforts that work to address identified limitifagtors (Beechie et a2010, Booth et al. 2016).
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Modern restoration actions are attempting to restore the full riverscape, chafioeldplain, and estuary

where possibleIMWs still remain one of the most promising tools to provide an understanding of population
and watersheescale fish and habitat responses to habitat restoratigtions (Bennett et al. 2016)owever,

there are still significant data gaps that exist bottand outside of théMWs (Roni et al. 2018)he workshors

and report effort show the need for continued and ongoing information sharing and dialogue as IMWSs continue
with their studies

This synthesis effort highlighted the value in discussing IMW aladaresults with principal investigators,
restoration practitioners, and policy and management staff and how results might be agplgednportant to
recognize that this effort compiled core messages at a summary level rather than an individuamMélig\ale
similar effort should be considered that is focused on individual IMWs to developdp#ific, detailed core
messagesind management applicationadditionally, this effort was limited to IMW informed core messages
workshop discussions identifiediditionalsources of information thatollectivelycould beused toimprove
restoration program effectivenestt may be useful to support a broader synthesis effort that includes IMW
results as well as results from other monitoring programs iafmmation from the scientific literature to
identify additional opportunities t@nhance restoration program effectiveness and efficiency

In general]MWs have shown the value of, and the need for, close coordination of habitat restoration planning,
outreach, funding, project implementation, and monitoririchey have also highlighted the importarafe
understanding site specific conditions acatrectly identifying habitat limiting factol@nd ecological concerns
andapplyingthis understandingo addresssurvival bottleneckdMWs have alsindicated the need for patience

in evaluating restoration programSystem response tiestorationtreatmentsis not fully expressed until

habitat has responded to the treatment, oftesmfunction of the hydrograph, anthe fish have responded to the
alteredhabitat, which may require multiple generatians

The IMWSs have demonstrated that many of tlestoration treatmenttypesbeing appliedn the region have a
positive effect orhabitat and fish. Howeverhe IMW results also identify some areas whtre understanding

of the linkages between restoration action, habitat modificatiand fish response is incomplethelack offish
andhabitat responssto some IMWtreatmentsappears to belue toinaccurate identification of factors

controlling fish production or an inability to address those factors because they were out of Inasime

cases, restoration scope and scale may have been too limited to elicit anssposome cases, monitoring
protocols or challenges in implementing the monitoring could also be a factmrdination of management
programs and establishment of formal adaptive management processes across the various impacts to fish and
habitat wouldhelp make recovery efforts more effective. Improving the technical rigor of processes used to
identify limiting factors will not only support more effective salmon and steelhead recovery programs, but also
enablethe establisiment ofrealistic expectations about the contribution freshwater and estuarine habitat
restoration can make to salmon recovery
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List of Acronyms and Abbreviations for Appendices

BA BeforeAfter study design

BACI BeforeAfter Controtimpact study design

BDA Beaver dam analog

CHaMP Columbia Habitat Monitoring Program

Cl ControHimpact study design

CRITFC Columbia River Intefribal Fish Commission
CTWS Confederated Tribes of the Warm Springs Reservation of Oregon
ELJ Engineered log jam

ESA Endangered Species Act

GRTS Generalized random tessellation stratified sample
IMW Intensivelymonitored watershed

km Kilometer

LC IMW Lower Columbia Intensively Monitored Watershed
LW or LWD Large wood or large woody debris

MFIMW Middle Fork John Day Intensively Monitored Watershed
NFJDWC North Fork John Day Watershed Council

NOAA National Oceanic and Atmospheric Administration
ODFW Oregon Department of Fish and Wildlife

OWEB Oregon Watershed Enhancement Board

PALS Postassisted log structures

PIT Passive integrated transponder

PNAMP Pacific Northwest Aquatiglonitoring Partnership
SRFB Salmon Recovery Funding Board

Appendix 1 - IMW Snapshots

Information in thefollowingsnapshots came directly from the IMWs and may contain varying levels of details. In
many caseghe snapshotgontain preliminary results as data collection and analsstill ongoing.
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Asotin Creek IMW

Location
Study Tributaries

Monitoring and
Treatment Years

Status

Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design

Restoration Treatment

Magnitude of
Treatment

Pretreatment Data
Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Washington

Charley, North Fork Asotin and South Fork Asoteks

Pretreatment monitoring: 20082012

Treatment: 20122014, 2016

Posttreatment monitoring: 2012025

Treatments complete in 2016. Monitoring ongoing through 202

Snake River summer steelhead (note this is functionally a wild populagdchery
fish are removed at mouth and no supplementation); also designated as a wild
steelhead refuge by WDFW

Lack of pool habitat and cover for fish, lack of spawning habitat, lack of floodple
connectivity with limited refugia durinigh flows,and reduced large woody debris
(LWD).

Staircase design with LWD treatments in 2012 (South Fork), 2013 (Charley Cre
2014 (North Fork), and 2016 (South Fork).

Each creek has orteeatment and two control reaches each of which is 4 km long

High density LWD placement (majority of the wood is placed by hand to minimi
the disturbance to recovering riparian; cost of implementation order of magnituc
lower thanheavy machinery)

39% of study area, 654 structures (4.7 structures/100 m stream length)

Stream temperature, discharge, geomorphic diversity, erosion rate, deposition |
substrate composition, percemtool habitat, and net rate of energy intake
Significant increases frequency of LWD (150,000%), log jams (1e8800%) pools
(20-60%) bars(50-250%) overallgeomorphic complexity

Significant increases in juvenile steelhead dendify 450%) no change in growth
or survivalsignificant increases in production (80%), and significant increases ii
smolt productivity (2575%)

1. Developed animplemented a cost effective, low impact approach to adding
large woody debris to streams to improve riverscape health

2. Demonstrated that high densities of large wood are effective at retaining woc
the system, promoting natural log jams, increasiegmorphic complexity, and
improving fish habitat

3. Changes in habitat occurred mainly within the channel and led to modest
increases in fish abundangeroduction, and productivityhowever, ongoing
maintenanceand enhancement of restoratiotreatments, and use of beaver dam
analogs to force greater floodplain connectioould lead to increases in fish
responses due to creation of more habitat area / mile of valley bottom

Lowtech Proces®ased Manual and Workshop Materials

AsotinCreeklMW Story Map

LowTech ProcesBased RestoratioWideo,in Southeast Washington
AsotinCreeklMW 2021 Annual Progress Report

AsotinCreeklMW Experimental Design Manuscript

AsotinCreeklMW Restoration Plan

AsotinCreekl MW AdaptiveManagementPlan Manuscript
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http://lowtechpbr.restoration.usu.edu/
https://wa-rco.maps.arcgis.com/apps/Cascade/index.html?appid=5c5b525804904f4084c19164feac78d3
https://www.youtube.com/watch?v=4DP5RWGIlY8
https://ecologicalresearchinc.box.com/s/9im9gnsn7fa0qxj42eairlbj4oval9ns
https://ecologicalresearchinc.box.com/s/4fotiomig7qiad7qie0b7ojz6gko3izt
https://ecologicalresearchinc.box.com/s/h2ws496vet2lbjchqc769tmrz4sfypn6
https://ecologicalresearchinc.box.com/s/fmq3soovvx7p95h6rindpwm6r7dszshl

Bridge Creek IMW

Location

Study Tributaries

Monitoring and
Treatment Years

Status
Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design

Restoration Treatment

Magnitude of
Treatment

Pretreatment Data

Physical Results to Date

Biological Results to

Date

Top 3 Management
Implications

Additional Resources

Oregon

Bridge Creeldributary of the lower John Day River

Bear and Gable creeksibutariesof Bridge Creek

Murderers Creektributary of the South Fork John Day River

Pretreatment monitoring: 20072009

Treatment: 2010, 2016

Posttreatment monitoring: 2016ngoing

Phase | treatment and monitoring completed in 2014, Phase |l restoration in 20
with posttreatment monitoringongoing

Middle Columbia steelhead

Highly incised channel form, low habitat complexity, high streamer, floodplain
and groundwater disconnection, high water temperatures

Construct beaver dam analogs and then measure response at 4 treatments ant
control reaches in Bridge Creek, 2 tributary references in Bear and Gable Cree
and3¢ | G SNEKSR NBFSNBYyOS NBIFIOKSa Ay ac
Spatially Hierarchical Staircase BACI. Intervention analysis. Treatment and refe
reaches were randomly selected. Selection of streams and watersheds was ba
existing irfrastructure.

121 beaver dams constructed on the mainstem of Bridge Credditionally, beaver
constructed almost 150 more dams in treatment and control sections.

4 km- about 30 % of degraded habitat

Approximately 3 years of juvenile survival, juvenile growth, juvenile density. Adi
returns, water temperature, groundwater elevation, channel aggradation rate, a
riparian vegetation extent.

Increases in beaver damsd poolsalmost 200% increase in inundation area (i.e.
floodplain connection), 1,200% increase in sith@nnel length, B increase in
groundwater height, trap -B feet of sediment behind damsoderation of high
water temperatue, increase in cold water refugia

Increases in juvenile steelhead density (168%), survival (52%), and production
(175%)

1) A massive loss of structure in streams occurred by the near extirpdtloeaver
2) Mimicking beaver dams with BDAs can provide many of the same hydraulic,
hydrological, geomorphic and ecological benefits of natural beaver deiney can
also provide stable structures and refugia to promote natural beaver actB)ity
Because beaver tirelessly work to maintain dams, they can greatly accelerate
sustainable processes that lead to floodplain reconnection and greater quantity
quality fish and wildlife habitat.

Bridge Creek IMW Science Reports Habitat & Fish Results Manuscript

Bridge CreekMW PLOS ONE Temperature Manuscript

Utah State University Beaver Restoration Assessment Tool Manuscript

Using Beaver Dams to Restore Incised Streams Manuscript

Modeling of beaver dam capacity (i.e., BR#{ps://tools.riverscapes.xyz/bra}/,
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https://ecologicalresearchinc.box.com/s/nd6j88jzyjps1ny2ndcyp5bg0xypba9o
https://ecologicalresearchinc.box.com/s/1q8hd487iokqjmzo3sm9fd2btqnnw3eb
https://ecologicalresearchinc.box.com/s/j2mamhiz91shy2giv8l4janxwstdsqc0
https://ecologicalresearchinc.box.com/s/yjfpwebo7ei8udceo9e5zl8mtiw3lot1
https://tools.riverscapes.xyz/brat/

Elwha River IMW

Location
Study Tributaries

Monitoring and
Treatment Years

Status

Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design
Restoration Treatment
Magnitude of
Treatment
Pretreatment Data

Physical Results tbate

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Washington

The Elwha and Quinauitvers

Pretreatment monitoring: 2002010

Treatment: 20112015

Posttreatment monitoring: 2014oresent

Posttreatment monitoring underway

ChinookGoho, Pink, Chum, and Sockeye salmon, steelheBd|l Trout Cutthroat
Trout, andPacific Lamprey

Lack of habitat connectivity (two dams over 30 m and 61 m in height that previc
blocked about 90% of the anadromous salmoniditet in the ElwhaRiver
Watershed and prohibited significant sediment accretion in the delta)
Complete removal of two dams, natural colonization of fish along with limited
hatchery planting

BA or BAQlepending on metric

Complete removal of two dams, LWD placement
About 128 km of salmon habitat opened

Multiple metrics of fish, habitat, food web, and water quality

Sediment accretion created new habitat and altered the lower river from-piffta
to a more braided morphology. 300% increase in available habitat length.
Recolonization of many habitats by all anadromoussliéges, resumption of
anadromous life historyBull Trou}. Changes to the food web for juvenile salmon
1. Cumulative restoration actions are critical to the recovery of salmon and
steelhead populations.

2. Recovery timeakes longer than funding occurs because our populations are :
much lower than historial levels and habitat degradation has been the norm ove
large expanse for decades.

3. Without multiple forms of monitoring, quantifying ecosystem response is not
possble.

Rising from the Ashes short video from Trout Unlimited
https://data.usgs.gov/dripdashboard/
https://pubs.er.usgs.gov/publication/70099125
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https://www.youtube.com/watch?v=9t_m1myVBBQ
https://data.usgs.gov/drip-dashboard/
https://pubs.er.usgs.gov/publication/70099125

Hood Canal IMW

Location
Study Tributaries

Monitoring and
Treatment Years

Status

Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Dsign

Restoration Treatnent

Magnitude of
Treatment

Pretreatment Data
Physical Result® Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Washington

Little Anderson, Seabeck, Big Beef and Stardgks

Pretreatment monitoring: 1992007

Treatment: 2007ongoing

Posttreatment monitoring: 2003, present

Posttreatment monitoring ongoing; additional restoration projects proposed but
currentlyunfunded.

Coho Salmoare the focus, as their abundance is estimated at three distinct life
stages. Cutthroat Trout, Chualmon, and steelhead are also present in some
watershed and/or at some life stages.

Road crossings(lverts) reduce connectivityeduced number and complexity of
river channelssediment imbalancancreased stream powgéerosionin some
reaches, severe deposition in other reaches

Remove barriers and constraints to flowsazdter, sediment, and fish, and restore
stream roughness elements (LWD) and processes that will lead to future wood
recruitment (riparian restoration and protectiorfReconnect floodplain and wetlan
habitats though road removal.

Multiple BACI. Spatially balanced desigpproximately 20 habitat sites per
watershed Fish data from 10 parr monitoring sites plus spawner surveys
throughout known spawning distribution plus smolt traps in each of four
watersheds

LWD placement, floodplain reconnection, and barrier removal

In Little Anderson Creek, 3.7 km were treated with 495 pieces of LWD in three
phases, and a barrier culvert was removed. In Big Beef Creek, 7.5 km were trei
with 213 pieces of LWID three phases, and a dike was removed, reconnecting ¢
hectares of floodplain wetland habitat. In Seab€irkek, three culverts were
replaced, though two of these were primarily road infrastructure projects
Comprehensive fish and habitat data collection began in 20@figh some fish
data available back to early 1990s

Significant interannual variation in several metrics but generally not attributable
LWD placement

In Little Anderson, a significant increaseCioho Salmosmolt abundance after
2002 culvert replacement and nesignificant increase i@oho Salmosmolt
abundance after LWD placement

1. Prioritize connectivity in stream restoratigrclear cut, large magnitude respons
in smolt alundance to culvert replacemenstream connectivity not just about fish
LI aal3Ss AdGQa faz2z ONRGAOKE F2NJ GNY
2. Think big! Large magnitude actions are needed to detect restoration effects.
3. Factors external to freshwatéabitat (marine survival, harvest) may constrain
efforts to improve abundance through stream restoratiéiish response to
restoration is most pronounced when treatment alleviates density dependent lir
on productivity.

Coho Salmon and Habitat Response to Restoration in a Small Stream

Hood Canal Intensively Monitored Watershed Annual Report 2021

Hood Canal Intensively Monitored Watershed Annual Report 2020

Hood Canal Intensively Monitored Watershed Annual Report 2019

Hood Canal Intensively Monitored Watershed Study Plan
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https://www.pnamp.org/document/15194
https://www.pnamp.org/document/15193
https://www.pnamp.org/document/15192
https://www.pnamp.org/document/15191
https://www.pnamp.org/document/15190

Lemhi River IMW

Location

Study Tributaries
Monitoring and
Treatment Years

Status
Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design
Restoration Treatment

Magnitude of
Treatment

Pretreatment Data

Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Idaho

The Lemhi River Watershe®ig Timber, Bohannon, Canyon, Hawley, Kenney, a
Little Springs Creeks. Hayden Creek is a reference.

Pretreatment monitoring: 20072008

Treatment: 2009 present

Posttreatment monitoring: 2013present

Treatment and monitoring ongoing

Snake River steelhea@hinook SalmgrandBull Trout

Lack of connectivity between the Lemhi River and tributaries, reduction of spaw
and rearing habitat, reduced flow in the mainstem

Tributaries: Prioritize 6 candidate Lemhi River tributarieséopnnection based on
productivity, historical fish distribution and feasibility.

Mainstem: Increase flow, restablish floodplain connection, restore riparian
function, and improve habitat complexity.

BA and BACI designsvénile density estimates at the sidasin, tributary, and
reach scales. Juvenile distribution and survival.

Barrier removal, flow augmentation, LWD, floodplain reconnection

Five of six priority tributaries reconnected, allowing migrations without delay, or
partially connected tributary that is not fully connected y@aund due to a
seasonal barrier at low summer flows. Lower Lemhi River minimum flow agreer
25-35 cfs though June 30 and minimum of 25 cfs beginning Julare scale
restoration projects on mainstem Lemhi River including channeieandering,
floodplain reconnection, side channel construction, braided channels, and LWL
Productivity comparison: 5 years pneatment, tributary standing stock: up to 8
years depending on tributary

Tributaries Barrier removals expanded accessible spawning and rearing habite
Lemhitributaries. Minimum flow agrement in lower Lemhi River, water
conservation measures in select reaches and tributaries, including source switc
to redirect water withdrawals from mainsteiremhi Riveverses tributary. 10+
mainstem river projects containing LWD for improved habitahptexity. Two
projects in the upper Lemhi River and 3 in lower Lemhi River 8 containing expa
floodplain with lateral river channels and LWD.

Juveniles: increase in abundance and upstream expansiGhinbok Salmagn
steelhead, fluviaBull Trout providing survival advantagesfagh using reconnected
tributaries. Adults: Steelhead spawning activity in 3 fully reconnected tributaries
Chinook 8lmonentry into 2 fully reconnected tributaries, and steelhead entry int
1 partially reconnected tributary, but no observed spawning activity.

1. Tributary reconnections in the Lemhi River basin provided additional hédnitat
spawning adult steelhead and for rearing juver@ileinook Salmoand steelhead.

2. Newly created braided channels and floodplain reconnections in the Lemhi F
were used immediately after implementation by adult and juvefiténook Salmon
and steellead.

3. Overwintering habitat for juvenile anadromous fish is limited in the Lemhi Riv
Increased habitat diversity will result in increased overwinter survival and
productivity.

Intensively Monitored Watersheds and Restoration of Salmon Habitat In Idahe:
Year Summary Report
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https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Mgt17-14Uthe2017%20Intensively%20Monitored%20Watersheds.pdf
https://collaboration.idfg.idaho.gov/FisheriesTechnicalReports/Mgt17-14Uthe2017%20Intensively%20Monitored%20Watersheds.pdf

Lower Columbia IMW

Location
Study Tributaries

Monitoring and
Treatment Years

Status
Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design

RestorationTreatment

Magnitude of
Treatment

Pretreatment Data

Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Washington

Abernathy, Germany, and Mill Creeks, direct tributaries of the Lower Columbia
Pre treatment monitoring: 20012012

Nutrient enhancements: 2012015

Habitattreatments: 2012present

Posttreatment monitoring: 20132032

Posttreatment monitoring ongoing

Coho SalmorChinook Salmagrand steelhead

Channel complexity, habitat diversity, @tfiannel/side channalonnectivity,
floodplain connectivity, habitat accessibility

1. Nutrient enhancement in the form of salmon carcass analogs

2. Increase connectivity of efhannel and instream habitats

3. Increase complexity of the instream habitat

4. Improve fish passage in select tributaries

5. Riparian enhancement

BACI. Juvenile production, size/growth, adult retufdsho Salmoparr apparent
overwinter survival, and multiple habitat metrics

Nutrient enhancement (addition of salmon carcass analogs), LWD placement,
floodplain reconnection, barrier removal, riparian planting

Approximately 30% of habitat accessible to salmonids has been treafdoeimathy
and 28% in Germany

Juvenile production, size/growth, overall productivity (recruits per spawner), anc
apparent overwinteiCoho Salmoparr survival for brood years 202011.
Treatments haveesulted in 17.7 km of instream habitat, 1.8 km ofciffannel and
side-channel habitat, 0.39 kfof riparian area, and 2.7 km of improved fish passa
Nutrient enhancement resulted in shetérm growth increases in juveniféoho
Salmonfollowing spring treatments but did not translate to increased survival.
However, Abernathy has taken over as the highest produc@obb Salmoim the
last 4 years, foiwing intensive LWD placement that began in 2015.

1. Juvenile production and life history expression appears to be limited by the
quantity and quality of rearing habitat, demonstrated by measured relationships
between juvenile abundance and apparent overwinter survivaCioino Salmoand
life history diersity forChinook Salman

2. Largescale wood additions to improve spawning and rearing habitat appear t
having a positive impact on juvenioho Salmoapparent overwinter survival (up
68%) and smolt production (up 59%) since implementation in 201i5urther
monitoring is needed to detect a response.

3. Nutrient enhancement treatments (e.g., Salmon Carcass Analogs) should be
implemented in watersheds with nutrient retention features or coupled with othe
restoration treatments (e.g., beaver damadags) to help retain nutrients within the
food web.

https://www.|cfrb.gen.wa.us/monitorinehabitat-restoration
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https://www.lcfrb.gen.wa.us/monitoring-habitat-restoration

Methow River

IMW

Location
Study Tributaries

Monitoring and
Treatment Years
Status

Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design

Restoration Treatment

Magnitude of
Treatment
Pretreatment Data

Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Washington

Methow River and Beaver Cregktributary of the Methow Rivgr

Pretreatment monitoring:2009-2012

Treatment: 2012014

Posttreatment monitoring: 2015018

Three years of pogtreatment monitoring completed. USBR Completion report in
Spring 2019

Upper Columbi&iverspring Chinook Salmoandupper ColumbidRiversteelhead.
Habitat fragmentation, reduced flowssduced habitat complexityandriparian
condition

Protect and restore access, flow, and habitat complexityfgrer ColumbiaRver
spring Chinook Salmoand steelhead

BACI

Methow River1 instream flow project, 3 fish screens, 4 fish passage structures,
stream and floodplain enhancements, 4 riparian rehabilitation projects, and 50 |
acquisitions and easements

Beaver Creeld instream flow projects, 1 fish screen, 8 fish passaggpin 4
stream and floodplain enhancements, 2 riparian rehabilitation projects, and 2 la
acquisitions

Treatment occurred in approximately 8% of the Methow River and 22% of Bea\
Creek

Five years of habitatigh, and prey data

Yet to be determined

Increase in juvenile growth rate and density

Not provided

Link to USBR Summary Report:
https://www.usbr.gov/pn/fcrps/rme/methowimw/metmonitoring2019.pdf
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Middle Fork John Day IMW

Location
Study Tributaries

Monitoring and
Treatment Years

Status
Focal Species

Limiting factors

Restoration Plan
Monitoring
Experimental Design
Restoration
Treatment

Magnitude of
Treatment

Pretreatment Data

Physical Results to
Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Oregon

Middle ForkJohn Dayand South Fork John Day rivers and tributaries
Pre treatment monitoring: 2004ongoing at the project scale
Treatment: 2008ngoing

Posttreatment monitoring: ongoing

Treatments angbosttreatment monitoring ongoing

SpringChinook Salmarsummer steelhead

Water temperature, degraded floodplain habitat and channel structure, altered
hydrology and sediment routing

Implemented overl 25 restoration projects since 2008

BA, BACI, GRTS

Channel restoration, floodplain reconnection, riparian fencing, LWD placement, log
weir removal, fish barrier removal, flow restoration

From 20172020 partners completed or implemented over 25 major restoration
projects including treatment of 29 miles of instream habitat; improving or protecting
miles of riparian habitat and removing 58 fish passage barriers.

Four years of salmonid population abundance and productivity

from 20092019 trends in cumulative physical habitat index scores were not statisti
significant, but trends indicate that for most metrics stream habitat is improving.
However, analyses showed an increase in pool tail fines, across all sites, triantieg
opposite direction than desired. This finding is likely a response to sediment sortin
an increase in fines due to the increased hydrologic complexity from large woody
debris inputs during restoration. Sites encompassing both passive and active
restoration exhibited deeper residual pool depths, narrower greerioygreenline
channel widths, more habitat units per kilometer (jiecreased complexity), and
higher large wood densities than passive or active restoration actions implemente«
alone

Monitoring efforts have not yet detected a change in steelhea@loinook Salmon
productivity at the population scale compared to reference watersheds (Figure 3),
it will likely take several salmonid lis/cles (2680 yeas) before improvements in
productivity can be detected. While average redd count and spawner abundance t
remained static, redd distribution has shifted downstream to restored reaahes (
indicating a preferential selection of restored habitat for spawgréctivity.

1. Identify the limiting factor of most concern and implement the restoration action:
a sufficient scale to address that limiting factor. Restoration actions need to occur
large scale to address tHieniting factor and have a detectable fish population
response.

2. Removing barriers to improve tributary connection is very important for juvenile
rearing. In hot years the fish leave the mainstem and rear in the tributaries to acce
cold water refugialn addition, the tributaries provide a cooling effect to the mainste
3. Reducing warm water temperatures by improving riparian shading is key. It is ci
to protect riparian plantings from wild and domestic ungulate grazing for many yea
allow these plantings to become established and are free to grow.
Website:http://www.middleforkimw.org/

20172021 Accomplishments Reponittps://www.pnamp.org/document/15125

Link to Publications and Reports

35


http://www.middleforkimw.org/
https://www.pnamp.org/document/15125
http://www.middleforkimw.org/publications-and-reports.html

Potlatch River IMW

Location
Study Tributaries

Monitoring and
Treatment Years
Status

Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design

Restoration Treatment

Magnitude of
Treatment

Pretreatment Data

Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Idaho

Potlatch River Basin; Big Bear Creek (BBC) and East Fork Potlatch River (EFP
watersheds.

Pretreatment monitoring: BBC 2005 and EFPR 2008; Treatment: BBQI2GERt
and EFPR 20g&esent; Postreatment monitoring: onging for both watersheds
Treatments and monitoring ongoing

Snake River steelhead

Tributary blockages and dewatered reaches in BBC subwatershed, simplified h
in EFPR subwatershed

Barrierremoval and flow supplementation in BBGstneam LWD and riparian
restoration in EFPR.

Hierarchical scaled design (BA, BACI) at the watershed, tributary, and reach sc
adaptive management.

BBC: Barrier removals and flow supplementation. EFPR: LWD placement and 1
restoration.

Removed or modified 10 barriers, opened > 18 km. Installed >190 LWD structu
8.4 km treated. Flow supplementation, >16 km treated (temporary project).
Development of projects on private lands still in progress.

Production and produdtity at watershed scale and juvenile density, growth, and
survival and habitat conditions at the tributary and reach levels.

Barrier removals or modifications expanded accessible habitat. Water releases
cfs resulted in restored connectivity, reduced water temperatures, and increase
dissolved oxygen (temporary benefits). LWD structures increased aquatic habit
complexity ad stream hydrologic function

Spawning by adults in a blocked reach after barrier removal. Usestriéiam
structures by juvenile steelhead. Increased proportion of older and larger steelt
emigrants leaving the EFPR and ioyad survival to Lower Granite Dam. Flow
supplementation benefitted growth, survival, and density of juvenile steelhead
(temporary benefits).

1. Improvements to fish passage barriers resulted in ragicblonization of
steelhead into blocked spawning and rearing areas in the Potlatch River basin.
2. Extensive large wood additions and floodplain restoration/protection can leac
positive shifts in emigrant life history. Analysis is ongoing to deterimiimeary
factors influencing the documented shift in the East Fork Potlatch River.

3. Flow supplementation resulted in more wetted channel habitat and improved
water quality during the summer, benefitting growth, survival, and density of
juvenile steelheadPermanently implementing flow supplementation projects has
been delayed due to permitting and funding challenges.

Intensively Monitored Watersheds and Restoration of Salmon Habitat In Idahe:
Year Summary Report

Potlatch River Steelhead Monitoring and Evaluation Preg@t9 and 2020 Biennia

Report
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Pudding Creek

IMW

Location

Study Tributaries
Monitoring and
Treatment Years
Status

Focal Species
Limiting factors

Restoration Plan

Monitoring
Experimental Design
Restoration Treatment
Magnitude of
Treatment
Pretreatment Data

Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

References

California

Pudding Creek and Caspar Creek. Both watersheds drain directtii@nRacific
Ocean near Fort Bragg in Northern California.

Pretreatment monitoring: 21 - 2015

Treatment: June August 2015

Posttreatment monitoring: 2016 2020

Completed spring 2020
Central California Coa€ibho Salmorand NorthCentral Coast steelhead

Overwinter survival due to insufficient habitat complexity and lack of slow watet
refugia.

Additional of large wood at the watershed scale ughmgaccelerated recruitment
method (Carah et a014)

Paired watershed BACI with Caspar Creek as the reference watershed. Gener:
Linear Modeling, CJS models.

Installation of LWD (n=438)

Treated 12.1 km, eighty percent of Pudding Creek, with large wood

Juvenile abundance, growth, survival, and habitat conditions at the watershed ¢
Increased LWD densitincreased summer slow water volume. No change in
residual pool depth, pool frequency, winter slow to fast water ratios.

ForCoho Salmonincreased growth relative to LWD density in summer and winte
However, growth did not inelase more in the experimental watershed comparec
the control watershed. No change in survival in winter.

1. The accelerated recruitment method of large wood treatment may require mc
high flow events, time, andatural recruitment to result in increased wood loadint
that creates habitat and fish response. Extend gosatment monitoring to better
evaluate population level effects response.

2. Wood loading levels were below recommended targets post treatmermnedse
initial wood loading to achieve desired effects.

3. Reevaluate limiting factors and restoration strategies with respect to changin
climate.

Effects of Large Wood Restoration @oho Salmom a Northern California
Watershed: A Beforéfter-Controlimpact Experiment:
https://digitalcommons.humboldt.edu/cgi/viewcontent.cgi?article=1583&context
td

Carah, J. KBlencowe, C. C., Wright, D. W., & Bolton, L. A. (2014}cbstv
restoration techniques for rapidly increasing wood cover in co&btdlo Salmon
streams. North American Journal of Fisheries Management, 34(5);100R
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Skagit River Estuary IMW

Location
Study Tributaries

Monitoring and
Treatment Years

Status
Focal Species
Limiting factors

Restoration Plan

Monitoring
Experimental Design

Restoration Treatment

Magnitude of
Treatment

Pretreatment Data
Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Washington

North and South Forks of the Skagit River.

Pretreatment monitoring: 199zZoresent

Treatment: 2003present

Posttreatment monitoring: ongoing in many sites

Treatments anghosttreatment monitoring ongoing

Skagit Rive€hinook Salmonsix wild stocks

lack of habitat connectivity, reduced rearing habitat

Ongoing restoration of tidal habitat in the South Fork of $iagit River with the
North Fork being an unrestored control.

BACI to test for estuary restoration on population effects with North Fork used ¢
reference. BA with covariates used to test for the effects of estuestoration
upon postestuarine life stages.

Dike removals, setbacks, and breaches; tidal muting devices, fill removal

Skagit River Estuary

Average juvenil€hinook Salmosize,change in size during rearing, rearing densi
over the season, timing of residence, changes in timing, marine survival, and
frequencies of life history types

Over 600 acres restored, gaining habitat despite erosion losses.

Juvenile residence time increased and estuaige densities decreased. Size and
densities increased locally at restoration sites.

1. Limited availability of estuary habitat causes competition anjongnile Chinook
Salmorthat constrains abundance, residence period, fish size, and life history t
Limited estuary habitat is likely reducing smolt to adult return rates, yet importa
uncertainties exist.

2. Restoration in the Skagit estuary has reduced crowding of juvM&hiteook
Salmon leading to larger body size and residence period. Although heading in t
right direction, changes in adult returns are not strong enough to attribute to
estuary restorabn activities in the Skagit.

3. Three factors affecting uncertainty in adult returns are: 1) not enough estuan
restoration, which has been offset by natural habitat loss, and 2) large
environmental variation in adult returns, and 3) few large outmigragithat could
reveal reduced density dependence.

Skagit River Estuary Intensively Monitored Watershed Annual Report for 2021
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Strait of Juan de Fuca IMW

Location
Study Tributaries

Monitoring and
Treatment Years

Status
Focal Species
Limiting factors

Restoration Plan

Monitoring
Experimental Design

Restoration Treatment

Magnitude of
Treatment

Pretreatment Data

Physical Results to Date

Biological Rests to
Date

Top 3Management
Implications

Additional Resources

Washington

Deep Creek, East Twin River, and West Twin River

Deep Creek Treatments: 192618

Deep Creek Monitoring: 199&esent

East Twin River Treatment: 262011

East Twin Rivevlonitoring: 2002present

West Twin River Monitoring: 209gresent

Treatments complete and posttreatment monitoring ongoing

Coho Salmopnsteelhead, and Cutthroat Trout

Simplified channels with high stream power

The goals of restoration were to: 1) increase the amount @tieam wood, 2)
increase overwintering habitat, 3), reduce the frequency of anthropogenic
influenced landslides, and 4), restore riparian forest. The IMW treated one third
the anadromous habitat in Deep Creek and the East Twin.RiveMWest TwilRiver
was used as a control watershed because it was similar in size, hydrology, and
geomorphology to the East Twin River and Deep Creek

Varieswith scale and metric. Could view watershed scale as Cl while some hab
measures are BACI

Addition of LWD, fish passage,-offannel development, riparian tree planting,
culvert replacement, and road abandonment

Treated approximately 1/3 of the anadromous habitat in Deep Creek and East
rivers No treatments were conducted in West Twin River
Varied by metric and watershed

In the ~6 kilometers of wood placement we saw an increase in wood loading ar
channel spanning logjams, which contributed to deeper and more frequent poo
reduction in particle size distribution, increases in sediment storage, reduced st
width, vegetation re-establishment in the riparian zone, and increased developm
of floodplain channels. The largest geomorphic changes occurred due to restor
wood effectively trapping wood being recruited, mobilized, and routed
downstream.

JuvenileCoho Salmoexpressed multiple life histories and emigration timing but
could not directly link to restoration. Small increase€oho Salmoand steelhead
adults in Deep Creek and East Twin River relative to West Twin River.

1. Life history diversity contributes to the abundance of salmon populations.

2. Longterm restoration of habitat, coupled with loAgrm monitoring can show
positive changes to streams and watersheds.

3. Fish response to habitatg®ration actions occur, but multiple fish demographi
need to be monitored because it is not obvious all the time which will result in a
positive response.

Nomads no more: early juvenil@ho Salmomigrants contribute to the adult
return - https://doi.org/10.1111/eff.12144

Life History Diversity of Steelhead in Two Coastal Washington Watersheds
https://doi.org/10.1080/00028487.2016.1194893
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Wind River IMW

Location
Study Tributaries

Monitoring and
Treatment Years
Status

Focal Species

Limiting factors

Restoration Plan

Monitoring
Experimental Design

Restoration Treatment

Magnitude of
Treatment

Pretreatment Data

Physical Results to Date

Biological Results to
Date

Top 3 Management
Implications

Additional Resources

Washington

The WindRiver Watershed, Trout Creek, Panther Creek, Upper Wind Subbasin
Baseline studies/reachcale work: 1992001

Predam removal treatment monitoring: 2062009

Dam Removal & Trout Creek Subbasin Restoration: 2009 with lstenal
reconnection continuing through present

Postdam-removal monitoring: 201present

Post damremoval monitoring through present; increasing future habitat work foc
shifting to other subbasins

Steelhead (primaryoho and fallChinook Salmofsecondary; limited to Little
wind River)

Historial dam construction; Lack of habitat connectivity, low habitat complexity
Examine the effects of 1) dam remoypértial passage barrier), and 2) improved
channel and floodplain habitat complexity on steelhead abundance and produc
in the Wind River

The monitoring design was developed around the-babin and bashscales for
smoltand adult abundance, with intensive realdvel evaluation of parr abundanc
and growth. These enable basand subbasin BACI analysis for abundance and ¢
for productivity, and capacity, and growth.

Barrier remova(Hemlock Dam) primarily, but also culvert removal, Engineered |
Jams (ELJ) and LWD placement, road decommissioning, and side channel
reconnection

Treatment primarily in Trout Creek which improved access to 22 km of fish hab
and improved habitat quality in the former reservoir and nearby radigcted
floodplain

Some data from 1992000 but primarily 10 years (202D09) leading up to
Hemlock dam removal

Changes in longrofiles, substrate composition and water temperature were
guantified and reported in a publication following dam removal

Large increases in steelhead adult returns and smaller increases in smolt abun
in Trout Creektreatment) vs Wind River (control)

1. Removal of Hemlock Dam (a partial barrier to adult steelhead) appears to be
having a very positive response to both juvenile and adult populations in the Tr
Creek watershed compardd the rest of the Wind River Subbasin.

2. Full effects (channel aggradation, improvement in riparian health) of LWD
treatments in larger floodplain reaches may take many years to be fully realizec
thus fish response may also lag. L&egn monitoring is crucial.

3. We need to know more about the diversity of life histories and habitat usage
life stage. There appears to be much movement of juvenilesprelt fish that is not
well understood.

Website:https://www.ucdwa.org/windriver-watershedproject
Reports:https://www.cbfish.org/Project.mvc/ProjectDocuments/1998 9-00
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Appendix 2 z Questionnaire and Responses

This report is based on information collected in a questionnaire distribtatelde PNAMP IMVWVorking Group

in July2021anda series of three workshops held in November and December 2021 to discuss results from the
questionnaire andlevelopcollectived O 2 NB  YES &.43 t3g8fin@ tRedpuestionnairghat was

distributedand a compilation of responses from the 13 partidipg IMWs.The responses are reported here
nearly verbatim with minor editing for clarity.

Questionnaire

Intensively Monitored Watershed (IMW) programs have been active across the Pacific Northwest for over
twenty years. These study systems represent one of the few opportunities to understadthbight

relationships at watershed scales and across multifdecycles. This information is essential to salmon and
steelhead conservation and recovery programs, which annually invest millions of dollars in habitat projects and
population and habitat monitoring. As IMW studies move into gesatment monitoring hases, preliminary

take home messages can help natural resource managers, policy makers, and practitioners more effectively
implement recovery and habitat programs, as well as convey the benefits efdomgmonitoring at a time

when investments in salmarecovery are being reassessed at local, state and federal levels.

Please answer the following questions to the best of your abilityshare with IMW partners that are best

suited to answer the questions, using plain language that can be adapted foripuhltreach materialsMajor
take-home messages across survey responses will be usedrfanunicating IMW study results and benefits

from our collective efforts to restoration practitioners, natural resource managers, property owners, tribal, local,
state, and federal decisiemakers and funders.

We strongly encourage you to respond to these questions in the shared google spreadsheet. In the spreadsheet,
guestions are on the left and IMWSs are listed alphabetically along the top. Questions 2, 3, ana e barate
tabs in the spreadsheet and are answered using dfoywn lists in each cell.

If you have concerns or issues accessing the shared Google spreadsheet, please email Amy Puls
(apuls@usgs.gdand we will arrangan alternate way to submit your responses.

Some of the questions in this questionnaire have been asked in past synthesis efqttee( WA GSRO survey
distributed in February of 2021 to SRFB funded IMWs in Washington, and the PNAMP IMW questionnaire
distributed in November of 2017 to all PNW IMWSs). For these questions, the spreadsheet has been
prepopulated with your previous surveysmonses. Please review this information and edit if necessary.

Responses are due by August 15th, 2021.

1. Briefly explain the original goal/intent of your IMW and the parameters being monitored.

2. What types of restoration are being assessed in your IMglationship to the targeted species and life
stages? Are the restoration methods and approaches being implemented in your IMW designed to address
watershed processes and/or sigeale needs? Using the drojlown menus in the spreadsheet, identify the
scalefor each combination of restoration type, targeted species, and life stage that is applicable.

Treatments barrier removal, beaver dams, boulders, ELJ, floodplain reconnection, flow augmentation,
hatchery augmentation, LWD, nutrient addition, reconnectidriidal channels, tidal wetland inundation,
riparian improvement, road abandonment, screens

SpeciesSteelheadCoho SalmorChinook SalmarCutthroat Trout Bull Trout Pacific Bmprey

Life stagesjuvenile, adult

ScalesWS=watershed scale, SS=sitdesddoth=watershed and site scale, blank=not applicable

3. How long do you anticipate the treatments and their benefits in your IMW to last? Using theddvap
menus in the spreadsheet, identify the length of time each applicable treatment type is antitijpele
functional.
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Treatments barrier removal, beaver dams, boulders, ELJ, floodplain reconnection, flow augmentation,
hatchery augmentation, LWD, nutrient addition, reconnection of tidal channels, tidal wetland inundation,
riparian improvement, road alelonment, screens

Time periods0-5 years, 510 years, 120 years, 2680 years, 30+ years, salfistaining, blank=not
applicable

4. Questions 4& ask about insights the IMWSs are revealing. Note in your responses if you can draw any
preliminary conclusiondrends, or patterns, and if these are statistically significant results or there is instead
simply a weight of evidence you can document to support these statements.

a. Have fish populations responded to habitat improvements to date? Desadponses and why, or
why not, you think you are observing these.

b. What were some key assumptions and were they validated during the course of the study?

c. What are the IMW's strengths (best/most valuable/strongest elements) that should be shared with
funders (e.g. ability to shed light on restoration efficacy, understanding outcomes of specific
restoration types, etc.)?

d. What are you learning about the spatial scale of restoration needed to achieve population scale
responses?

e. Share any insights regardingstimportance of restoration sequencing and watershed location to
effective restoration strategies.

f. Are there factors not being addressed by restoration treatments that are limiting fish response?
Predation, competition, climate change, ocean conditioasdluse, harvest, hatchery, etc.

g. What are you learning about salmon life history (e.g., run timing, abundance, juvenile
emigration/outmigration timing, etc.)? What are you learning about the relationship between salmon
life history and irstreamrestoration and overall habitat diversity?

h. What are you learning about the role of floodplain and upland land use in shaping habitat conditions
and achieving restoration outcomes?

5. What types of watersheds do you think IMW results are applicable to in tefriegjacy and current land
uses, watershed size, stream order, flow regimes, and other watershed characteristics? And, what
watershed characteristics or treatment types are not applicable for restoration activities being evaluated by
the IMW?

6. To what degee can preliminary results be extrapolated to other salmon and steelhead populations in terms
of limiting life stages, life histories, and geographic location?

7. How is what you are learning being translated into information that can be used to inforny,daincling,
and salmon recovery and watershed restoration decisions? Give examples. Do you have suggestions on how
these types of outreach efforts could be improved?

8. Do you have recommendations on how to work with landowners on successful project develogmae
implementation?

9. 2 KIGd KI@SyQiu &2dz t SFNYSR FNRBY &2dzNJ La2 GKFG @&2dz S
estimate how long it would take to get the thing you expected to learn?

10. What issues have arisen during the study that hawapgromised your ability to address the primary study
objectives? Using the drop dowrop-down menus in the spreadsheet, please respond to the following
categories with yes or no; we will discuss the details at the workshop.

Categoriesunanticipated diffialties with study design, insufficient number and size of restoration
actions in the treatment watersheds, the treatment phase being so long the ability to measure response
was impacted, unanticipated environmental variability obscuring treatment effetiter.

11. What are the key items that would be lost or that we would miss out on if IMW funding decreases or
disappears?
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12. What do you see as your minimum and desired funding levels over the next 5 Pdease specify if there
are specific, ond¢ime, funding needs outside of the regular monitoring activities, such as data analysis,
synthesis, and/or outreach and communicatio

Compiled Questionnaire Responses

Question 1
Briefly explain the original goal/intent of your IMW and the parameters being monitored.

IMW responses

Asotin CreekThe goals of the IMW are to test the effectiveness of LWD additions at 1) increasing channel
complexity, promoting and sustaining overbank flow, floodplain connection, riparian extent and function, and
riverscape physical and biological processes (ergsion, deposition, and sustained wood accumulation) and 2)
increasing freshwater productivity and production of juvenile steelhead. We are also attempting to fully develop
and test an alternative restoration strategy for dealing with structural starvafi@., loss of LWD and beaver

dams from stream) using peassisted log structures (PAlBYH beaver dam analogues (BDA&E call the

restoration approach lowech processased restoration of riverscapes and the goal is to-effgctively add

wood, piotect recovering riparian habitat, and expand the scale of restoration (i.e., miles treated) to address the
fIFNBS 4021 2F NAGSNEOILIS RSANIRFIGAZY OADPSPI mMnanZInnn
partner with WDFW that operate ardalt weir and smolt trap near the mouth of Asotin Creek. Theifidlish

out operation provides a wealth of Iifieistory data as well as estimates of adult escapement and juvenile
emigrants. The IMW is implemented in three tributaries of Asotin Creekl@h&lorth Fork and South Fork

Asotin creeks), we conduct twabay markrecapture in the summer and fall and tag all unmarked juvenile

steelhead > 70 mm with 12 mm passive integrated transponder (PIT) tags. From the summer and fall PIT tagging
data, we esimate site abundance (fish/km) and biomass (g/km). We then estimate annual growth, survival, and
production rates across two periods: summer to fall and fall to summer. We also estimate juvenile emigration
and productivity §molts/year andsmolts/femaleby brood yea) by estimating the age of PIT tagged juvenile
steelhead from 10%~ subsample of scales, tag detections at PIT tag interrogation sites (of juveniles and adults),
and the ratio of tagged/untagged juveniles in the study creeks to estimate to@hji@emigrants. There are

four PIT tag interrogation sites, two located at the mouth of each IMW study stream, and two located near the
mouth of Asotin Creek. We also monitor stream temperature and discharge throughout Asotin Creek and the
study creeks. W also monitor a wide range of stream habitat attributes using the Columbia Habitat Monitoring
Protocol as well as collect detailed topographic data of habitat sites which allows the creation of digital elevation
models which can be used to derive rateeafsion and deposition and support various modeling tools for
assessing restoration effectiveness (e.g., Net Rate of Energy Intact, Geomorphic Unit Delineation).

Bridge CreekTo test the effectiveness of installing beaver dam analogs (BDAS) at 1) prortinat

establishment of persistent beaver complexes leading to channel aggradation and increased floodplain and
groundwater connectivity and 2) increasing freshwater productivity and production of juvenile steelhead. We

are also attempting to fully devetoand test an alternative restoration strategy for dealing with structural

starvation (i.e., loss of LWD and beaver dams from stream) using BDAs. We call the restoration approach low

tech processased restoration of riverscapes and the goal is to-effsictively to mimic, promote, and sustain

beaver activity to reconnect floodplains and expand the scale of restoration (i.e., miles treated) to address the
fFNHS 40215 2F NAGSNEOFLIS RSIANIRFEGAZ2Y O0ADPSPT mnzInnn

Elwha The intent oiremoving the Elwha River dams was to restore connectivity to the entire watershed and
allow for natural watershed processes related to the movement of water, sediment, nutrients, and energy
longitudinally and laterally.
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Hood CanalThe goal of the Hood @al IMW is to evaluate restoration effectiveness by determining if, when

and how restoration measurably improves fish population status. We focus primarily (but not exclusively) on
Coho Salmobecause the species inhabits freshter for a full yeaprior to seaward migration, and therefore is
exposed to the full seasonal range of stream conditions. The habitat monitoring was intended to address the
GK2gé¢ ljdzSaidAazy o0& KSfLAYy3I RSAONAROGS GKS YSOKIyAAY o8&
essence, the Hood Canal is a watersiedle restoration effectiveness experiment.

Lemhi The Lemhi River IMW study is designed to evaluate fish and habitat responses to restoration actions in
the Lemhi River basin and use the information learneddip lguide and prioritize future habitat project
implementation. Results from this study provide a better understanding of the relationship between habitat and
fish at specific life stages and are used in fisheries conservation and management. The nutivestnéthe

Lemhi River IMW study are:

Monitor changes in distribution, abundance, and survivaCbihook Salmarsteelhead, and resident/fluvial
salmonids of all life stages (fry, parr, presmolt, smolt, and adult) in the Lemhi River, Hayden Creek, and
candidate tributaries for reconnection.

Measure changes in productivity (number of juveniles per adul§hifook Salmoand steelhead

Monitor fish population and habitat responses to individual restoration projects and specific habitat
treatment types.

Lower ColumbiaThe original goal of the Lower Columbia (LC) IMW project was to evaluate the effects of
freshwater habitat actions on pduction of juvenil&gCoho SalmofESA threatened), but focal species have
expanded to includ€hinook Salmo(ESA threatened) and steelhead (no listing status). Historically, watersheds
in the LC IMW complex were impacted by land use that disrupted seditma sport processes and

disconnected riparian and instream ecosystems. Habitat improvement actions were planned for Abernathy and
Germany creeks, while Mill Creek provided a reference watershed with no improvement actions. Subsequently,
restoration has ben implemented to increase the carrying capacity and productivity of salmon and steelhead,
and to increase adult spawning spatial distribution. These habitat treatment actions target limiting factors such
as habitat complexity, connectivity, passage lmsg;j and nutrient enhancement. Parameters being monitored
annually include: (1) fish life cycle metrics (population productivity, spawner abundance and distribution, smolt
abundance in spring;oho Salmoparr abundance and distribution in summe&opho Sahon overwinter

survival, and juvenile growth); (2) habitat metrics (large woody debris density, percent pools, percent gravel,
thalweg depth, and percent side channels); and (3) water quality and quantity (stream flow and stream
temperature).

Methow: Protect and restore access, instream flow, habitat complexity for juvesgjger Columbia Rivespring
Chinook Salmoandupper Columbia Rivesteelhead. The Methow does not, and never had, a formal IMW
structure. We had specific studies related to restoration effectiveness as well as a host of status and trends
monitoring, but this was not coordinated or designed under an INBWIL Troutare anESA species of interest in

the Methow. Increasing floodplain connectivity and improving riparian condition and water quality are also goals
of our work.

Middle Fork John Day

a. Compare changes in watersisedle productivity as a result of restoi@t actions in MFIMW for summer
steelhead and sprinGhinook Salmorelative to the South Forbohn Dayand upper mainstemJohn Dayivers.

b. Learn how specific restoration actions influence salmonid abundance, survival, and growth at the reach
andproject-scale.

C. Understand how specific restoration actions impact instream habitat, riparian condition, and water
temperature at the reach, project, and watershed scales.

Potlatch The goal of the Potlatch River IMW study is to evaluate fish and habitat responses to habitat
restoration projects in the Potlatch River basin. The study is designed to assess responses in steelhead
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production and productivity at multiple scales: 1) a kaesgale monitoring effort to document steelhead

response within two index watersheds, Big Bear Creek (BBC) and the East Fork Potlatch River (EFPR); 2) a finer
scale effort to assess habitat and fish response to restoration projects at the tributarydede3) reackscale
monitoring to assess whether individual projects produced the intended outcome. The study design allows
managers to better understand the relationship between a habitat action and fish response and how localized
responses to restoratiopropagate up to a higher, managemestale level.

The main parameters we are monitoring:

Watershedscale: juvenile steelhead emigrant abundance, adult steelhead escapement, freshwater
productivity (juvenile recruits per spawner), and emigrant & adulebtead life history metrics.
Tributaryscale: juvenile steelhead density, growth (summer to fall), and survival. Habitat conditions
including the amount of wetted habitat, LWD density, pool density, canopy cover, water temperature and
flow conditions.

Pudding The goal of this study was toaduate salmonid and habitat response to a large wood restoration
treatment in a coastal California stream. We initiated a Befsiter Controlimpact paired watershed

experiment in Pudding Creek and Caspar Creek, Mendocino CQatify,By strategicallgdding large wood to

80% of Pudding Creek, we aimed to increase channel complexity and restore processes that lead to future wood
recruitment and floodplain connectivity, improving the habitat thought to li@itho Salmoand steelhead

production. We hypdiesized that adding large wood would increase habitat heterogeneity of winter and

summer habitat, and thereby improve growth, survival, and abundance of juveoifte Salmoand steelhead.

Skagit The original goals of the Skagit IMW were:

1) to determne the cumulative effects of estuary restoration (i.e., improvements to both connectivity and
capacity in the delta) upon the following characteristics at the population scale: juvenile density, size, timing,
residence, recruitment to nearshore, and marg@vival of naturabrigin Chinook Salmagrand

2) to estimate how these factors influence demographic trajectories of SRagitChinook Salmopopulations.

3) provide longerm sampling of the juvenil€hinook Salmopopulations in the estuary and Skagit Bay
nearshore as restoration projects were completed. Effectiveness of individual restoration projects were not to
be covered by the IMW, but were monitored by SRSC as part of the restoration efforts. The IMW alstedep
on outmigrant trapping performed by WDFW, funded separately through status and trends dollars.

Strait of Juan de Fuc&oals are to 1) increase in channel wood, 2) increasewwder habitat, 3) reduce rate
of anthropogenic landsliding, 4) restore functional riparian forests.

Wind River The goal of the Wind River project is to restore wild steelhead populations thractiye and

passive restoration actions and maintain a research and monitoring program to assesselildadViable

Salmonid PopulatioMSP metrics, response to habitat actions, and populate a life cycle model. The Wind River
project has monitored adlt and smolt wild steelhead abundance for over 20 years. Additional work on parr life
history strategies, growth, and survival is ongoing. A network of screw traps and instream PIT tag detection
systems allow for resolution at watershed scales (Trout K;rdeper Wind, and Panther Creek) and the

subbasin scale. Although not funded specifically under an IMW Program, we have some commonalities.
Restoration has included removal of Hemlock Dam on Trout Creek, reach scale LWD and ELJ placement to
restore floodpain processes in alluvial reaches, ELJ placement to reconnect side channels, and a Carcass Analog
Study in two small tributaries. In the Little Wind River, a tributary in the lower watershed accessible to Coho and
ChinookSalmon, LWD has beeextensively added to increase channel complexity.

Question 2

What types of restoration are being assessed in your IMW in relationship to the targeted species and life
stages?
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Treatments LW or ELJ for instream complexity, LW or ELJ for lateral connecipétyan restoration or
protection, longitudinal reconnection (e,glam removal, culvert replacement), beaver dam analogs, lateral
reconnection (e.gremoval of dikes, levees), road abandonment, flow augmentation, boulders, nutrient
addition, fish prokction screens, hatchery augmentation

SpeciesSteelhead (STTQoho SalmofCOS)Chinook Salmo(CHS)Cutthroat Trout{CUT), Bullrout (BUT),
Pacific LamprefLAY)

Life stagesjuvenile (J), adult (A)

Table of IMW responsés

— c
n 2 o © = > g I
g < c | o| o | 8| =2 |8 2|28 5| 2| =2 |38
s 2 2| 8| €| 9| E |25 2|3 B |35 | 8|52 B
$% 2| 3|2 8|2 |23 8 |55|35 3|3 |z =
e & < @ ° - 38| = 28| o a [
n
Treatments
. LWorELJfol ) X X | x| x| x| x| x| x| x X | x
instream complexity|
LW or EL.‘J.fO 11 X X X X X X X X X X X
lateral connectivity
Riparian restoraﬂo_n o] 9 X X X X X X X X X
protection
Longitudinal reconnectior
(e.g, dam removal, 8 X X X X X X X X
culvert replacement)
Beaver dam analog 7 X X X X X X X
Lateral reconr?ectlon (eg 6 X X X X X X
removal of dikes, leveeg
Road abandonmen 6 X X X X X X
Flow augmentation 3 X X X
Boulders 3 X X X
Nutrient addition 2 X X
Fish protection screen 1 X
Hatchery augmentation 1 X
Targeted Specie
Steelhead 12 JA| JA| JA| JA| JA| JA| JA| JA| JA| J A JA| JA
Chinook Salmor 8 J, A J, A JA| JJA| JA| JA J J, A
CohoSalmon 7 JA| JA JA | JA J, A JA| JA
CutthroatTrout 4 J, A J J, A J, A
Bull Trout 3 J, A J, A J, A
Pacific Lamprey 2 J, A J, A

* Please note that responses to Question 2 may differ from results presented in report Table 2; several rounds
of feedback and revisions took place to agree on terminology and how to best represent complex information in
simplified ways.
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Question 3

How long do you anticipate the treatments and their benefits in your IMW to last? Using the ellopn

menus in the spreasheet, identify the length of time each applicable treatment type is anticipated to be

functional.

Treatments LW or ELJ for instream complexity, LW or ELJ for lateral connectivity, riparian restoration or
protection, longitudinal reconnection (e,glam removal, culvert replacement), beaver dam analogs, lateral

reconnection (e.gremoval of dikes, levees), road abandonment, flow augmentation, boulders, nutrient
addition, fish protection screens, hatchery augmentation

Time periods0-5 years, 510 yeaars, 1020 years, 2680 years, 30+ years, SS (seiftaining), blank=not

applicable

Table of IMW responses
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58 2 | 5| & | 38| 8|82 8 |5E|3 |3 |5 |59 =
g o < o0 3 — -8 = T8 a a Tl
I s &7
Treatments
LW or ELfbr 11 10-20 20-30 | 2030 | 2030 | 1020 | 1020 | 1020 | 20-30 | 1020 20-30 | 20-30
instream complexity|
LW or ELJ fo| 11 10-20 20-30 | 20-30 SS SS 10-20 | 1020 | 20-30 | 10-20 20-30 | 20-30
lateral connectivity
Riparian restoration of 9 SS SS SS SS 30+ SS SSs 30+ SS
protection
Longitudinal reconnectior] 8 SS 30+ SS SSs SS 30+ SS SS
(e.g, dam removal,
culvert replacement)
Beaver dam analog] 8 | 510 | SS 05 | 1020 510 | SS | 05
Lateral reconnection (e.g{ 6 SS SS S SS SS 30+
removal of dikes, leveeg
Road abandonmen| 6 SS SS SS SS Ss Ss
Flow augmentation| 3 20-30 SS SS
Boulders| 3 SS 1020 | sS
Nutrient addition | 2 0-5 0-5
Fish protection screen{ 1 1020
Hatchery augmentatiof 1 30+

Questions 4&h ask about insights the IMWSs are revealing. Note in your responses if you can draw any

preliminary conclusions, trends, or patterns, and if these are statistically significant results or there is instead
simply a weight of evidence you can doment to support these statements.

Question 4a

Have fish populations responded to habitat improvements to date? Describe responses and why, or why not,

you think you are observing these.

IMW responses

Asotin CreekYes. We have seen modest increases in juvenile steelhead abundance (fish/km) ranging from 15

40%. This equates to between ~1800 juveniles/lkmWe have also seen increases in Biomass (g/km),
Production (g/km/period), and an increase in smolts producetldatment areas compared to control areas.
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These fish responses are still being evaluatdidthree IMW streams are showing the same trend with the larger
streams showing the greatest increases. We have seen large increases in habitat diversityhduestoration
structures and we believe the structures are responsible fompthgtivefishresponses It is less clear what life

stage is benefitting the most from restoration, but it appears to be the fry stage. The mechanism for this
response could be that LWD is providing more cover and refuge from high flows for fry comparec-tb figje
Growth ard survival of PIT tagged steelhead appear to not have changed in restoration areas compared to
control areas suggesting that increased growth and/or survival of younger ages classes may be responsible for
this increase.

Bridge CreekRelative to our contl watershed, 168%, 52%, 175% increase in juvenile steelhead abundance,
survival, and production, respectively, pastatment (20162013) than prereatment 2009. We collected

information from 20142016 in which we continued to see about the same diffieein abundance post

treatment, but survival, growth and production was not analyzed. Funding for the project was terminated in

2016. Recently a new source of funding was obtained and fish sampling resumed again this year 2021. This year
was extremelyvarm and flows were very low, and steelhead abundance also appears low, relative to our

control watershed. Our control watershedfather up the John DaRiverdrainage, where water temperatures

are cooler. This might suggest that restoration can pmwienefits unless temperature becomes limiting.

Elwha Initial response to dam removal Bhinook Salmoand steelhead was an increase in the number of

returning adults and their watershed distribution over the gemoval run size and area. Hatchery protion

and harvest restrictions have helped to increase El@hmook Salmoand winter steelhead abundance,

particularly during dam removal. Naturally produced juvefilénook Salmoand steelhead outmigrant

abundance increased three years after adultgsge was restored, suggesting that shRernm impacts due to
downstream sedimentation during and immediately after dam removal were dhad. We have also observed

' yFddz2N>F £ aNBFgl {SyAy3aé 2F GKS &dzyY S NresiltSs8ggestih R> LI
integrated set of habitat, hatchery, and harvest actions can result in positive responses to salmonid populations.

Hood CanalYes, the most dramatic response to restoration has been a large magnitude, immediate increase in
Coho Salmommolt abundance in Little Anderson Creek following replacement of a barrier culvert with a bridge
near the creek mouth. We think this response was strong because restoration immediate restored access to
existing habitat that was capable of supporting spawrand rearing. The response to LWD placement has been
less pronounced, we have observed reiatistically significant increases in one but not all life stages.

Lembhi In the Lemhi River watershed, both anadromous and resident fish have respondedebpsitiabitat
improvements. A prime example is recolonization of reconnected tributaries by jus@mit®ok Salmoand
steelhead. We have documented that reconnected tributaries have provided important rearing and overwinter
habitat for salmon and steedfad by increasing habitat quantity and quality. Juvenile abundance and survival has
increased for fish that spend the winter in the upper Lemhi River tributaries rather thamaliestemriver.

Tributaries also provide thermal refugia during summer when main stream temperatures can approach lethal.
For example:

Juvenile salmon abundance in Big Timber Creek has increased. Adult salmon spawning has not been
documented in Big Timber Creekrecent years, which could be attributed to low escapement into the

Lemhi watershed. Nonetheless, tributaries are providing crucial rearing habitat to early life stages.

There has been an increase in the number of smolts per redd emigrating from the ngpgérof the Lemhi
River relative to Hayden Creek (serves as a reference system for statistical comparisons of fish populations
because it has maintained a perennial connection with the Lemhi River following agricultural development
in the basin and prodes insight into the historical importance of tributaries in the Lemhi River basin).

Over the past several years, adult steelhead have been observed spawning in Little Springs Creek, which
prior to restoration, was partially disconnected from themhi River during critical migration periods.

Adult fluvial Bull Trout have been observed in reconnected tributaries. Bull Trout that spawn in Bear Valley
Creek (tributary of Hayden creek) have been observed migrating into two reconnected tributaries (Big
Timber Creek and Little Springs Creek) in the upper Lemhi River.
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Lower ColumbiaProjects in the LC IMW watershed were only recently concluded in 2021. It is too soon after
completing restoration projects to detect a fish population response to habitptéovements. In Abernathy

Creek, the site of major ELJ, LWD, and floodplain reconnection projects, we may be seeing the beginning of a
population response with juvenile abundances higher in this system in recent years compared with either the
reference wagershed or the other treatment watershed, where there has been relatively less restoration.

Methow: If we look at numbers of returning adults, as welBadl Troutpopulations, fish are not responding

well to the efforts to improve habitat conditions. Palation numbers are currently approaching very low
abundance. That said, numerous observations indicate that target species and life stages are using restored
areas (i.e.floodplains, areas upstream ofpairedbarriers, large wood structures), but, | widwargue, recent
monitoring has not been robust enough to elucidate the fate of these fish. The work of USBR and researchers
has shed some light on several projects, but these were fairly limited in scope and treatment type and there
were some significaribgistical issues with these studies. These studies do show some improvement in growth
and survival, but more work is needed to fully address this situation. My sense is that out of basin conditions
(ocean and mainstem Columbia River and reservoirs) aeieg significant negative pressures on Methow fish.

Middle Fork John Day

1. Watershed scale fish population abundance and productivity values have not statistically imframved
20042021 This may be due to many factors including: limited statistical power of BACI design, influential
conditions outside the MFIMW area, unexpeatigositive increases in reference populations, limited
temporal scope (esp. response time for riparian growth to affect water temperature through shading),
limited spatial scope of key restoration actions (dimited riparian regeneration and resultashading),
limited access to key habitats for restoration actions, delays in restoration implementation, and drought
conditions.

2. Work conducted by the Confederated Tribeshd Warm SpringReservation of OregofCTWS) showed a
significant shift ofChinook Salmoapawning activity from upstream unrestored reaches to the downstream
NEaG2NBR /¢2{ NBIFIOK i hE62¢ [/ 2yaSNIE (A2 yRA RS2 D h;
a change in overall spawningikity across the MFIMW. We expect that in higiiinook Salmon
escapement years the habitat improvement project at Oxbow will increase overall productivity due to an
increase in spawning habitat capacity.

3. The observed shift in spawning distribution fromdgierm consistent data collection, has led to
investigations of juvenile salmonid movement, use, distribution, growth and survival at the Forrest
Conservation Area restoration project and reach scale. This work is currently in thespeation phase,
and we hope will help answer questions about restoration at a reach scale. Restoration project
implementation will occur in 2022, so stay tuned for results that can describe what the juvenile response is
to these restoration efforts.

Potlatch

We documented an expansion of adult steelhead spawning distribution following barrier
removals/modifications in the lower Potlatch River watershed. The expansion of spawning distribution was
documented via telemetry and genetic techniques and is statiftisgnificant.

We documented positive responses in juvenile steelhead growth, survival, and density in response to a flow
augmentation study in the lower Potlatch River watershed. The positive responses were short term and did
not persist because thdow study was a pilot project that only lasted 2 years.

We documented improvements to juvenile steelhead rearing conditions in response to a flow augmentation
study, including increased rearing habitat, improved pool density and connectivity, and medistegam
temperatures andlissolved oxygefevels. The positive responses were short term and did not persist
because the flow study was a pilot project that only lasted 2 years.

We have documented an initial watershedale response in juvenile steefittin the upper Potlatch River
watershed. We have observed positive shifts in juvenile steelhead age structure, growth, and survival during
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recent treatment years. We hypothesize that as habitat conditions improve, juveniles will rear longer in the
watershed instead of emigrating early and emigrant growth will increase as a result of improved energetic
conditions in the drainage.

Pudding We did not see obvious treatmebiased juvenile salmonid respongeoho Salmosmolt abundances
decreased in Pudding Creek in the ptisatment period, as juvenile growth, and survival rates as well as wood
density increased. Both watersheds experienced a similar increase in growth rates between treatment periods.
Decreased smolt almdance postreatment was not due to fewer spawning adults. Analysis of habitat data

from site specific CHaMP surveys and watershed level summer habitat surveys showed increases in large wood
and slow water habitat podreatment. Although large wood deitg increased in both watersheds from pite
posttreatment, we found evidence that it increased more in Pudding Creek compared with Caspar Creek. Some
geomorphic changes were observed at a more localized level due to wood treatment. We did not observe
increases in other habitat metrics evaluated, which may be why we did not observe a fish response. In addition,
drought conditions in the pretreatment period may have played a role in increased growth and survival detected
in both watersheds post treatmenin addition to effects drought, we also believe that juvenile density affected
differences in growth between the watersheds.

Skagit Yes --cohorts are rearing at lower densities, achieve larger average body size and have extended
estuary timing. Marine survival has improved in the right direction.

Strait of Juan de FucResults are mixedplease refer to the Strait of Juan de Fuca IMW Annual Reports, and
the 2018 retrospective synthesis report fordepth analyses of fish population responses.

WindRiver There have been several restoration actions in the Wind River that have provided opportunity to
assess effects. Because the Wind River does not receive direct IMW Funding (we are primaeliiBPower
Administration finded, though Forest Serei@nd other funding entities provide money for actual restoration),
much of the restoration is somewhat opportunistic within our restoration and monitoring group. Restoration
actions to date have included the removal of Hemlock Dam (a partial upstrearatimigbarrier to steelhead)

on Trout Creek, a major floodplain restoration effort in a headwater reach of the mainstem Wind River (Mine
Reach Project) involving LWD and ELJ placement to aggrade the channel, increase complexity, and reconnect
side channelsand an effort in the Little Wind River involving ELJs to increase complexity and retain spawning
gravels for anadromous spawning. Additionally, a carcass analog study was done in small tributaries to assess
changes in primary production and fish growth.

Our most robust monitoring ofteelhead response to a restoration action involves removal of Hemlock Dam on
Trout Creek in 2009. Hemlock Dam did have an adult fish ladder however, we documented adult steelhead
avoidance of the ladder and the trap that was operated there for adult ceMdasitoring of the response to
Hemlock Dam removal has been ongoing for both adult and juvsieié¢head using a BACI design with the rest

of the Wind River watershed acting as control. Although it is preliminary in nature, data to date for both juvenile
and adultsteelhead in Trout Creek suggest an increase in abundance of both relative to the rest of the Wind
River Subbasin. These apparent increases in abundance are important in that removal of even partial barrier
may have population effects.

The MineReach restoration effort involved placement of LWD and ELJs in 4.8 kms of alluvial reach of the
mainstem Wind River. Over 1,700 logs were placed. The Mine Reach restoration effort was completed in 2000.
Physical habitat changes in the Mine Reach followhegreatment included: LWD increased from 42 to 210

pieces per kilometer, pool volume increased, low flow width/depth ratios decreased 56%, and qualitative
observation indicated that channel aggradation has begun and multiple side channels were recdnnecte
Juvenilesteelhead abundance data in the Mine Reach (treatment) and both upstream and downstream
untreated (control) reaches were collected as part of a concurrent study. During years following, abundance of
agel steelhead in the Mine Reach increasmérkedly compared to an upstream control reach. During the

years 2005 2007 agel steelhead abundance decreased in a downstream untreated reach, but increased in the
Mine Reach. Agé abundance changes were mixed, with similar values to an upstream togdiuah, but
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increasing abundance relative to two downstream control reaches, wher® aggelhead abundance
decreased. These data suggest the increase in LWD and habitat complexity favolesiesdieead rearing.

The Little Wind River restoration effdrivolved ELJs to increase instream complexity and retain spawning
gravels. About 2 km of stream was treated with about 100 logs, as well as boulders, and removal of streamside
berms. Restoration actions began in 2014 and completed in 2019 Following é&nefatradd counts foCoho
Salmonhave increased in the Little Wind River. Though we lack a control reach we believe that the restoration
effects have benefitted anadromous spawning and rearing habitat.

The carcass analog study (2005 and 2006) was condplet®vo tributary streams with control and treatment
reaches. The addition of carcass analogs in the summer and fall to two oligotropbatrophic streams in the
Wind River watershed significantly increased the growtdedélhead, produced mild to modate increases in
periphyton and insect production, and, for the most part, did not negatively impact water quality. The growth
rates of fish in stream sections that received analogs were 150 times higher than those of fish in untreated
control sectons. Results indicate that seasonal additions of analogs can provide a temporary boost in
productivity to streams that may be nutrient deficient due to low runs of salmonids. However, any benefits of
the nutrient subsidy we provided to these streams ni@yonly short lived. Questions remain, for example,
about whether short term increases in fish growth, such as those seen in our treatment fish, actually translate
into increased overwinter survival, more productive smolt outmigrations and, ultimatelseased adult

returns.

Difficulties have been in knowing what restoration actions are coming and having time to enact monitoring to
include any site specific study. Funding limitations also constrain our ability to enact site specific monitoring or
to increase our resolution on some questions and metrics. Additionally, control sites can be difficult to identify,
and because conditions are not static, control areas can concurrently be changing through active or passive
measures. This highlights the need fangterm studies with stable funding mechanismsatasureconsistency

of data collected.

Our current monitoring network provides good resolution in multiple-stdiersheds and is a strong setup to
evaluate watershed effects of large scale restorationnltwring ofsteelhead parr lifehistories, growth and
survival, coupled witiViable Salmonid Populatio $F parameters and lifecycle monitoring provide numerous
metrics with which to assess future largeale restoration. UBorest Servicés proposing large scale instream
restoration in the upper Trout Creek watershed (some side channel reconnection work has been recently
completed in lower Trout Creek and additional work there is planned). We hope to continue monitorirgerelat
to other subwatersheds to assess response of various metrics for adult and juserelaead in the Wind
Subbasin.

Question 4b
What were some key assumptions and were they validated during the course of the study?
IMW responses

Asotin CreekKey assumptions were: 1) there was a lack of LWD, 2) that there was a lack of cover and flow
refugia, 3) there was a lack of quality feeding areas, 4) there was a lack of pools, bars, @hdusigds and 5)

that these habitat limitations were limitingivenile steelhead production. As we continue to collect and analyze
pre and postrestoration data it appears that there is evidence for many of our initial assumptions. 1) We have
increased the frequency of LWD by >18lD% and believe that the currenefjuency is still not as high as

reference conditions (i.e., higher densities of LWD could lead to more improvements in habitat conditions). Also,
the density of LWD jams has increased >-400% and we have noted that jams are often responsible for

creating more complexity. 2) Our fish results suggest that fry may be benefiting more from the restoration as
growth and survival has not changedsifh age fish, suggesting that fry are benefiting from the cover and refugia
provided by PALS. 3) We have not seleanges in growth inl ages but we have seen increases in abundance
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which suggests that there are either more feeding areas/km or higher quality feeding areas thereby allowing
more fish/km with no decrease in growth. 4) We have seen increases in podimendnd these were observed
almost exclusively around LWD structures (PALS) suggesting that the lack of LWD had led to a loss of pools and
bars. We have not seen a significant increase insiganels but feel that with further maintenance and
enhancemat of LWD additionsalong with strategic implementation of BDAs to maximize floodplain
conntection,we could see a large increase in sat@nnels and overall floodplain connection. This is likely due

to time it takes to aggrade the channel (i.e., captsegliment and build bars)he resistance of the banks and
channelized nature of the streamand because log jams do not generally force overbank flow at low flows (but
BDAs can)

Bridge CreekKey assumptions were that the lack of larger woody materalgnted beaver from building

longer lasting dams, slowing the rate at which they could help aggrade the incise channel, reconnect the
floodplain and create more fish habitat. Once BDAs were added to the system we obséol@th6rease in

the number ofmatural beaver dams including those built on BDAs. Beaver dams built on BDAs last 8 fold lower
failure rate than natural beaver dams.

Elwha Probably the greatest assumption was that sedimentation impacts during dam removal would be so high
as to causevidespread mortality of ElwhRiversalmon populations. Because of this, hatcheries were heavily
utilized to conserve genetic integrity during dam removal. The effectiveness of this strategy is still being
evaluated.

Hood CanalA key assumption of thawsly was that the collaborative IMW team (monitoring scientists, SRFB,
restoration practitioners) would have sufficient control over factors affecting salmon abundance that the study
could be treated as a watershestale experiment. For example, a fundan@mexpectation of the study was

that restoration would be of sufficient spatial extent and magnitude that it could measurably improve fish
population status. However, restoration has generally not occurred at the rate or magnitude desired for a
punctuatedexperiment. Additional factors outside the control of researchers likely also affect study outcomes.
For example, marine survival and harvest play a role in adult abundance, which appears to be below habitat
capacity in most years, possibly making it madiféicult to detect a response to restoration. While these issues
may not be ideal from a research perspective, we feel they are representative of the challenges facing salmon
recovery. Therefore, IMW study results present important learning opporturfibiesalmon recovery, despite a
lack of tight experimental control over all the factors affecting population status.

Lembhi

Tributary reconnections should increase the amount of spawning and rearing habitat accessible to migratory
salmonids.

" To date, we hve observed multiple species of fish at various life stages using reconnected
tributaries for summer rearing, overwintering, and adult spawning. While we have observed the
majority of tributary use from juvenile fish, we would expect a similar respongeamadromous
adult fish. However, this is predicated on sufficient escapement numbers that are influenced by
multiple out of basin factors that are not addressed under Lemhi habitat rehabilitation efforts. In
recent years, adult salmon and steelhead esrapnt to the state of Idaho has been low and we
hope to see an increase in adult returns in the future.

Flow improvements in thenainstemriver, as a result of tributary reconnections amainstemwater
conservation projects, should provide sufficienhffgassage conditions for &éleshwaterlife stages.

" As aresult of these efforts, no passage barriers were present iméiestemLemhi River during
their annual migration period. Moreover, tributary reconnects and water conservation projects that
maintain a minimum stream flow have created sufficient passage conditions for adult salmon in the
lower Lemhi River.

The combination of tributary reconnections anthinstemupper Lemhi River habitat improvement projects
should improve freshwater productivity for salmon and steelhead by improving habitat for life stage specific
requirements.
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Improved rearing conditions in thmainstemriver and tributaries were assessed g@mon
productivity estimates, measured as the number of -dgemolts per redd. Results suggested that
productivity of agel smolts increased in the Lemhi River basin. Results also suggest that the
increase in smolt productivity may be the result of méish remaining in thenainstemriver
(upstream of Hayden Creek confluence) and tributaries through the winter and/or high winter
survival of fish that stay in the Lemhi River watershed.

Lower Columbia

A. There will be a measurable increase in juvenile fish production in response to restoration in treatment
watersheds (Abernathy and Germany creeks) compared to the controlled watershed (Mill Creek) over time. This
assumption appears to be partially suppet in Abernathy Creek following six recent years (2BQ30) of

intensive restoration designed to increase complexity, impacting 30% of habitat accessible to salmon. For the
fourth year in a row, Abernathy Creek produced the nfosho Salmosmolts amongdhe three basins. It is

estimated that 10 years of monitoring are required post restoration, which is ongoing, to validate this
assumption.

B. Monitoring of multiple fish life stages (parr, smolt, adult) will provide insight into which life history stages

most affected by restoration. This assumption also appears to be partially supported with evidence of increased
apparentCoho Salmoparr overwinter survival in treatment watersheds during restoration (brood years-2012
2018) compared to the baseline ped prior to restoration (brood years 20e2D11). By contrast, parr survival in

the control watershed appears to have decreased over the entire time period. There is no evidence of increased
adult production over time, and this may be due to factors odagroutside of the LC IMW complex (e.g., poor
marine survival and increased harvest).

C. The survival of Juvenile salmon and steelhead is limited by freshwater habitat (i.e., juvenile survival is density
dependent). This assumption appears to be suppoaeiss the LC IMW complex, suggesting that freshwater
habitat is limiting productivity. For example, apparent overwinter surviv@laifo Salmoparr across all

watersheds (brood years 20@018) is a function of summer parr abundance (i.e., higher salrwith fewer

parr). In addition, tributary and headwater reaches are important habitats for producing large St
Salmorsmolts.

D. Juvenil€hinook Salmolife history diversity is a density dependent function of total juvenile abundance
(i.e., Ife history diversity is density dependent). This assumption was supported in Germany CreeR(280)5
where it was determined that the ratio of subyearling to all life history types is a function of the total number of
juveniles that emerge from the gral(i.e., fewer parr with increasing juvenile abundan€®ho Salmofell
outmigrants may also be affected by habitat conditions.

E. Habitat treatments targeting limiting factors such as channel complexity, connectivity between instream
channels, ofthamel/side channel areas, and floodplains, fish passage, and riparian habitat will increase
capacity, productivity, survival, and growth of juvenile salmon and steelhead at the watershed scale. This
assumption may be supported, although several more yeapsiftreatment monitoring are required to
validate this assumption. For example, for the fourth consecutive year in 2020, Abernathy basin, where the
majority of restoration treatments have taken place, produced the n@mho Salmosmolts among the three
basins. Juvenile steelhead abundance is also trending upward in the Abernathy and Germany treatment
watersheds.

F. Salmon Carcass Analogs (SCAs) can be used as a form of nutrient enhancement fo€ pheSitsdmonThis
assumption was tested on Germange€k in the fall (2012013) and Abernathy Creek in the spring (22035)
and was not supported; neither fall nor spring SCA treatments had a significant eff€chonSalmogrowth or
survival. Monitoring of SCA treatments was finalized in 2017.

G. Bariers to fish passage limit spawning habitat. This assumption was supported in 2020 resulting from the
passage barrier removal project on Sarah Creek, completed in 2019. In 2020, just one year after project
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completion, eleverCoho Salmonedds were observeth the newly accessible habitat, which was ten times
more than ever observed across the time series.

H. Freshwater habitat conditions that affect juvenile salmon survival are dynamic and on similar or measurable
trajectories in treatment andeference watersheds, but restoration activities in treatment watersheds will

generate changes in stream habitat that should be detectable relative to the reference watershed. This
assumption may be supported but disentangling stochastic (i.e., enviroraatange from treatment effects

through time has been a challenge across all IMW complexes. Work is ongoing to address this issue using a state
space model framework.

I. Annual fish and habitat monitoring will be required posatment to reliably detettreatment effects. This
assumption was supported by power analysis and a Monte Carlo simulation conducted in 2016 that determined
10 years of postreatment fish monitoring were required to detect a measurable change in fish production

given the proposethabitat actions. The analysis also found that proposed treatments in Germany Creek might
be too small to detect any change in fish abundance.

Methow: It's challenging to summarize this as we do not have just one study that has been operating, many
indeperdent ones and no comprehensive IMW approach. The foundational/overarching assumption would be
to determine the effectiveness of habitat restoration efforts on improving growth and survival of target species.
The assumption that improved habitat qualitthrough addressing identified limiting factors at the reach seale
would increase growth and survival of target species and thus contribute to recovery. Not sure if this has been
validated to the extent necessary. For example, floodplain reconnectiondesdwidespread treatment in the
Methow, but we have scant data on its effectiveness. The hatchery program effectiveness monitoring provides
the most longterm fish related data available but this program is not designed to assess the effectiveness of
regoration actions.

Middle Fork John Day

1. We assumed that we could detect populatisnale, fish productivity responses using a BACI design. Limited
power of our statistical test, due to limited precision and cumulative statistical error of samplingseffort
required to estimate productivity, has limited our ability to detect change. This limitation has elevated the
importance of our reaciscale monitoring.

2. Despite gains made in habitat quality, suitable stream temperatures and habitat quantity remaiited,lim
suppressing significant increases in watersBedle salmonid productivity.

3. Inconsistent temporal and spatial monitoring for some research studies (e.g., macroinvertebrates, water
temperature, vegetation) has made detection of change difficult.

4. Themonitoring plan designed at the beginning of the study was compromised by unanticipated restoration
projects that were implemented during the course of monitoring. There were many organizations
implementing restoration actions across the MFIMW study aaed, a lack of initial coordination resulted in
some restoration projects being implemented in designated control reaches.

5. Restoration actions aimed at improving watershed function may take decades to mature. Some processes
and cycles that influence salmionpopulations span much longer than 10 years and will not manifest a fish
population response within a }ear period.

6. It was assumed that if cattle grazing was restricted, riparian plantings would grow and recover. Studies
conducted by MFIMW partnersiewed that high ungulate browsing was inhibiting riparian recovery and
without fencing riparian plantings would not recover at the rate expected.

7. In addition, restoration practices evolved as restoration practitioners learn from initial actions ant initia
active restoration projects may not be as effective as later actions that were informed by initial
shortcomings. These adaptations and iterations may reduce our ability to detect statistically significant
responses over time or to management (McDowelkhlet2020).

8. One assumption currently under investigation is that increased fish productivity at the restoration level
equals increased productivity at the population level. We are validating (or nullifying) this assumption
through a paired study of fish abundance andvement. The second tier to this assumption is: at what

54



scale is this assumption validated (i.e., if you restore 5 km of stream and observed increased productivity is
this productivity reflective of a true increaseyesearch is ongoing, and no resulte available yet.

Potlatch
Project specific assumptions from the Potlatch River IMW:

Barrier removals are cost efficient treatments to increase the amount of available spawning and rearing
habitat in high priority drainages . Improved passage willlt@suhe expansion of adult spawning and
juvenile rearing distribution and in the lorigrm, upstream distribution of steelhead spawners may increase
the number of emigrants through an increase in rearing habitat available to juveniles and a reduction of
denS|ty dependent effects.
This assumption was supported from 2 major barrier removal projects in the lower Potlatch River
watershed. We documented successful upstream passage of adult steelhead and spawning for each
project within 2 years of project completion. Our ability to asspstential increases in juvenile
production has been confounded by low adult steelhead returns in recent years. Fror200Q7
adult steelhead returns to the Potlatch River basin and elsewhere in Idaho have been below
average, likely as a result of outlmasin factorsContinuedmonitoring is needed to assess changes
in emigrant production resulting from these projects.
The location of barrier removal projects is important. Barrier removal/modification projects should
be located within close proximity of the source population to have a positive impact on fish
distribution/production. Projects located in low priority draiges and/or intermittent streams have
little to no positive impact on fish distribution.
Flow augmentation should increase the quantity of juvenile rearing habitat (increased available wetted
habitat and pool abundance) and improve the quality of exgstiearing habitat (improved temperature and
dissolved oxygen) for juvenile steelhead. In the shenn, flow augmentation is expected to increase
growth and condition of juvenile steelhead. In the lelegm, parrto-smolt survival is expected to change i
response to flow augmentation, ultimately resulting in increased steelhead productivity within the drainage.
These assumptions were supported from daHo Department oFish andGameflow augmentation
pilot project on Spring Valley/Little Bear Creele @bserved a significant increases in the amount of
juvenile rearing habitat, pool density and connectivity, as well as moderated stream temperatures
anddissolved oxygelevels. We documented positive responses in juvenile steelhead growth,
survival, anddensity in response to the augmentation efforts. We will be able to assesddamg
responses in juvenile production/ productivity once the project is fully implemented.
LWD treatments are intended to increase the quantity of instream rearing habitat mol formation) and
increase hyporheic exchange between the river and surrounding aquifer. Expected fish responses include
increased parr abundance and paorsmolt survival in treatment tributaries compared to control
tributaries. Other potential rggonses include changes in emigrant age structure and/or leagtye.
Preliminary data support the assumption that changes in emigrant age structure and-baraygie
may result from improved rearing conditions in the EFPR. During recent treatment wednaye
observed positive shifts in emigrant age (i.e., more 2 yr. old smolts), growth, and survival.

Higher Level assumptions from the Potlatch River IMW:

Restoratlon would occur at a pace and magnitude to elicit a sustained, watershed response in steelhead.
This assumption has not been supported, especially in the lower Potlatch River watershed. We have
identified three high impact projects that ounodeling suggested would significantly increase
juvenile steelhead production. However, only 1 of the 3 projects has been implemented and the
other two have been delayeor canceledby permitting and funding issues. Working with private
landowners also limits #hpace of project implementation. It takes a considerable amount of time
and effort building relationships with private landowners.
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Restoration projectsvould be implemented in areas that would have the greatest impacts on juvenile fish
production/productivity. Prioritizing where restoration occurs has been a challenging aspect of this work
and too often projects are implemented in places where therevaitiing landowners as opposed to areas
that would have the greatest impact.

Pudding

1. Prior to the study, we determined that ovevinter survival and low summer growth were major limiting
factors forCoho Salmomand that lack of winter slowvater rearing habitat was limitinGoho Salmon
production.

2. Wood treatment would increase habitat féish during periods that are limiting by increasing (1) habitat
complexity, (2) slow water winter refugia, and (3) summer habitat. Treating 80% of the watershed would be
enough to detect a change/response. Because we did not see much of a habitat regbankvel of
treatment may not have been enough.

3. The control (Caspar) was in similar in condition to Impact (Pudding) to detect changes caused by the
restoration. Fish abundance, survival metrics trended similarly. Stream habitat characteristicsmikame s
instream large wood was found to be low in both streams. While we validated this in tHesjpitenent,
some of the differences between watersheds may have played role in the fish response.

4. That the rapid habitat census technigue would be comparable to thespiéeific Champ methods. Rapid
habitat census technique matched well with ChaMP reackigsaling repeatability and supporting limited
habitat change.

Skagit We predicted that estugrrestoration would result in:

1) decreases in juvenifehinook Salmodensity for the estuary as a whole (for a given outmigration) as fish
expand into restored habitat, and decreased incidence of fry migrating directly into nearshore environments
where girvival rates are much lower than the estuary;

2) increases in juveniléhinook Salmonize and residence in the estuary; and

3) increased smoladult return rates based on run reconstruction, and increased estuary system carrying
capacity based on lifeagje specific stoekecruit model predictions.

These predictions contrast to some degree with effects of individual restoration projects at the local level; for
example, restoration should cause increases in density within restored wetlaikésvise, impsvements to
connectivity would result in increases in density in areas with improved connectivity. However, for a given run
size, the overall density in the delta will decrease as the new habitat is created and existing habitat becomes
more accessible.

These predictions followed from conclusions in the Skagit recovery plan that 1) tidal wetland rearing habitat in
the Skagit estuary represented a major limiting factor in the early life stages of ju@hmiileok Salmofry, and

2) these fish would benefitdm restoration because most Skagit River fish migrate as fry into the estuary. These
assumptions have been validated as additional monitoring has been conducted.

Strait of Juan de Fucho response

Question 4c

What are the IMWs strengthgbest/most valuable/strongest elements) that should be shared with funders
(e.g, ability to shed light on restoration efficacy, understanding outcomes of specific restoration types, etc.)?

IMW responses

Asotin CreekStrengths of our approach are to measure a large number of habitat/geomorphic and fish
parameters (and processes like wood accumulation, wood recruitment, channel widening, etc.) cost efficiently
which will allow us to understand in greater detail theisal mechanisms of habitat and fish responses. We also
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have three replicate experiments (three IMW streams) with different characteristics (gradient, substrate, stream
power, etc.) which will allow us to inform management of a greater range of stream.tiypaddition, we are

developing a processased restoration approach (letech processhased restoration; Wheaton et al. 2019)

GKAOK gAff KIFI@S ONRIR |LILXAOIoAtAGE (G2 mMnQa 2N mnng
method we are develping can also be implemented by a broad range of restoration practitioners and is easy to
teach people how to implementmaking restoration accessible to a wide range of people.

Bridge CreekThis IMW developed beaver dam analogs as means to mimic taetixdgty and give beaver a

chance to build more stable complexes. Beavers once established are far more capable than humans at building
and maintaining beaver dams that can lead to extraordinary geomorphic, hydrologic, and biological responses.
Thus, beser continued the trajectory of recovery to incision far beyond the initial investment in BDAS. Mimic,
promote, and sustain beaver activity with BDAs. These structures can be built quickly, cheaply without the need
of heavy machinery and by a much broadestoration community. Both BDAs and PAASH({in Creekhave

now been adopted by restoration practitioners throughout the world as a means to treat structurally starved
systems (a very common degraded state) and engage processes that can reconnecifieddpla relatively

low cost that might actually scalable to the scale of stream degradation.

Additionally, the mechanisms by which beavers and structure impact fish habitat includes geomorphic and
hydrologic responses (e,gonnected floodplains muttireaded systems sometimes referred to as stéye¢hat

lead to a greater quantity of habitat rather than a focus on habitat quality of what is considered "ideal" salmonid
habitat. The assumption by several fish biologists that habitat created by beaxardenducive to salmonids

was challenged in this IMW. The added complexity and quantity at the watershed scale created a large
population level steelhead response.

Elwha This IMWs greatest strength has been the partnerships developed between diverssesgacluding
the Lower Elwha Klallam Tribe, Washington Department of Fish and Wildlife, NOR#sh &isd Wildlife Service,
USGeologicalsrvice USBureau of Reclamatiomnd the Mtional ParksService Monitoring has included a mix
of physical and biological sciences.

Hood CanalOne of the primary strengths of the Hood Canal IMW is that the fish and habitat monitoring occurs

at the watershed scale. Thus, we can determine if restoration improves the status (e.g., abundance) of ¢he entir
population, not just locally in the restoration project area. Another strength is that we obtain watessize
abundance estimates at three distinct life stages, allowing us to partition the life cycle in assessing factors
affecting abundance. The stydlesign includes a control watershed, aimed at reducing uncertainty due to

natural environmental variation. Another strength is that the study streams are generally representative of
lowland, rain dominated small streams facing rural residential develepima broad landscape encompassing

many salmon streams across western Washington and Oregon. Lastly, over the last 18 years, the consistency of
monitoring, with few significant deviations from the study plan, is a strength of the study as it provides
informational stability for detecting change.

Lemhi The Lemhi River IMWs most valuable strength is relating fish abundance to key habitat metrics (e.qg.,
large woody debris), and then developing habitat restoration actions that improve upon existing conftitions
each of the freshwater life stages. Combining information on factors that limit life stages of salmon and
steelhead, and relating this to ongoing habitat restoration actions has proved useful for managers as projects
are developed under an adaptive megement approach. In short, the Lemhi River IMW provides a good model
for watershed rehabilitation, particularly with respect to addressing life stage specific needs to improve
productivity while providing recommendations for other watersheds.

Lowea Columbia

A. The LC IMW program is comprised of a highly collaborativequatified team consisting of many local,
state, tribal, and federadgenciesand organizations, responsible for the scientifically based study design,
implementation, and monoring framework.
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B. The LC IMW treatment (Abernathy, Germany) and reference (Mill) watersheds provide a natural experiment
to test and validate salmon habitat improvement strategies by monitoring fish response (abundance,
productivity [e.g, recruitsper-spawner], life history diversity, and distribution) to variable habitat through time.

C. At least one of the LC IMW treatment watersheds (Abernathy) is small enough to ensure that restoration
actions have targeted a sufficient proportion of the habitaetwit a measurable fish response withifi6 years
based on power analysis and a Monte Carlo simulation.

D. Monitoring of juvenile salmon smolt productiddpho Salmoparr abundance and overwinter survival, and
adult spawning abundance within the LC IM@Mmplex, allows researchers to measure and track population life
history diversity and viability over time (i.e., before and after treatments).

E. Information on smolt abundance generated from the LC IMW is used to manage fish populations in the Lower
Colunbia River (forecast future abundance, evaluate escapement goals, set harvest exploitation rates, etc.) and
to guide future restoration actions in the Lower Columbia region.

Methow: We don't have an IMW. | would say the Methow's strength would be ouratiéedesire to work
together across agencies and organizations. We share data, staff, and expertise. This has been of incredible
value as we pursue the various goals of separate, but interrelated, projects.

Middle Fork John Day

1. Restoration:

a. The Heat Source model indicates that stream temperatures are far more sensitive to changes in
shade than to changes in either air temperature or stream discharge (Crown 2010, Diabat 2014,
Lawrence et al. 2014).

b. Further monitoring and models have shown tliat the MFIMW, water temperatures are limiting
juvenile salmonid distribution. High density maximum riparian growth has the most potential to
decrease water temperatures and positively affect fish populations.

c. Tributary inputs of cold water to the mairegsh channels, rather than groundwater inputs from the
Middle Fork John Day Rivaainstem floodplain, play an important role in cooling the mainstem
OKI yySta o0hQ52yySt f-wakerreiugia forlsginionidsiiEBedsald2dp)d  O2 £ R

d. Solar radiation ihe primary driver of temperature gain along the mainstdtiddle Fork John Day
River therefore, channels with more surface area are more susceptible to temperature increases.

e. Riparian plantings can reduce stream temperatures, but they require timest@wehrdship. Even
when grazing livestock are absent, browsing pressure from deer and elk limited plant growth.

f. River restoration is a longrm investment. Given the lag time for riparian plantings to mature (15
40 years) and the®0-year life cycle of feal fish species, the limited fish responses to restoration
actions are reasonable.

g. Remeandering channels, without limitation of the wetted area during summerflow, may cause
temperature increases in the absence of tall riparian vegetation. The sesudfgest all restoration
efforts be assessed for their impact of ldhww stream surface area as a predictor of the expected
impact on critical stream temperature.

h. Carex nudatgTorrent sedge) was an unexpected and important ally in increasing functioning
systems and increased habitat diversity. Complementary research by Goslin and McDowell in the
Middle Fork John Day Rivess found thalC. nudatas enhancing geomorphic complexity in the
system. The most apparefit. nudateeffect is the development o .nudataislands which result in
multi-threaded channel segments, a process that could lead to new habitat(ii@owell et al.
2020).

i. Temperature modeling and information gathered during the IMW effort has changed some design
strategies for restorationqojects. For example, there is more emphasis on undersized and/or
multiple braided channels that are more easily shaded by riparian hardwood species. While there is
a recognition that riparian shade is key to reduce stream temperatures, methods to rémudew
channel width/surface area of existing channels are also being used to reduce stream temperature.
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2. Collaboration:

a. The MFIMW is comprised of a large group of research, monitoring, restoration and funding agencies
and groups established in 2008hen asked this question, across the board, every partner agency
listed collaboration, the stable group structure, and shared science and resources as one of the most
important successes to share with funders. The MFIMW framework has provided countless
examples of how bringing together various agencies, stakeholders, interested parties focused on
improving watershed health and function can create higher quality output by providing a forum for
partners to interact and share what they are learning. Numeresgarch projects have been
greatly improved by collaboration with partners outside #Meldle Fork John Day Rivand would
not have been as successful if implemented in isolation of other
researchers/biologists/stakeholders. This shared science has allfoveeattime sharing with
restoration practitioners and has reduced duplication of research and monitoring efforts. In
addition, past funding, and current research relationships have allowed the MFIMW group to bring
in academic institutions and reseaeris which has strengthened the scientific integrity of MFIMW
research.

b. Projectlevel assessments of restoration efficacy highlight the highly collaborative nature of the
MFIMW working group, which brings together federal (Malheur National Forest, Bureau of
Reclamation) state (Oregon Department of Fish and Wil@lHeFW) University of Oregon, Oregon
State University), tribal (Confederated Tribes of the Warm SpRegervatiorof Oregon Columbia
River IntefTribal Fish Commissi¢@RITF({)and nongoverrmental organizations (NGOs) (North
Fork John Day River Watershed Council, The Freshwater Trust).The collaborative nature allows for
more creative project planning and for input from people with diverse backgrounds and across
F3Sy OAS&ad C2 NJ dkinithyuvéni® hovante@ datdnspised conversations between
ODFW, CTWS and CRITFC, which inspiredCIB&gonSate Universityproject utilizing
innovative parentage genetics study that also utilized data and resources from an ongoing fry
emergence study. Findings from assessments like this provide the basis for an adaptive
management approach to assess ongoing / future restorain the MFIMW.

c. The IMW framework allows for continued development in our understanding of these topics. There
A & Y Q Usizefits-all gproach to restoration and recovery, so context matters, and the MFIMW
provides the flexibility to think outside thigox, continue to investigate and develop better science,
and speed up the process of turning sound science and research into sound management at a local
scale.

3. Research:

a. Sampling of juvenil€hinook Salmoand steelhead during summer demonstrated ti@&inook
Salmonand steelhead were not present at water temperatures exceeding 22° and 24° C,
respectively. Forwartboking infrared (FLIR) and fish distribution surveys conducted during 2006 on
the Middle Fork John Day Rivedicated a tweorder magnitude dference in parr density between
the warm mainstem (19.5°C) and cooler tributary (15°C) habitats, suggesting that parr were using
cold tributaries as thermal refugia to escape stressful or lethal temperatures in the mainstem.

b. At the foundation of the MFIW is the collection of consistent losigrm datasets characterizing
key phases of the salmon / steelhead lifecycles (e.g., spawning ground surveys for adult estimates,
rotary screw trap operations for juvenile migrants) across treatment (Middle Faitk Ry Rivey
and reference watershedsnginstemJohn Daynd South Fork John Dayers). A strength of the
monitoring approach in the MFIMW is that the letegym data collection designed for watershed
scale monitoring can also be used for finer scale spatidltemporal analyses (e.g., reach/project
scale), to assess questions of restoration efficacy.

c. Ability to assess productivity response at a scale that matches project objectives (site, reach,
watershed). Effectiveness monitoring takes time and often requires a collaborative effort because
the monitoring is too involved for any one organization. MEMW approach is key is for keeping
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this collaborative effort alive. Additionally, it is extremely important to have a partnership
committed to long term monitoring with the capacity to support long term monitoring objectives.

Potlatch

The Potlatch RivdMW study design is scientifically based and monitors the key parameters to document a
watershedscale response to restoration activities, including adult abundance, emigration abundance, and
freshwater productivity.

The monitoring framework is adaptabdad allows us to respond to changing conditions in the basin as well
as data needs of project implementers.

Monitoring dataare used to help direct and prioritize future restoration actions and provides a feedback
loop to the restorationmplementers.

Products generated from the IMW are regularly distributed to the public and other stakeholders which
generates interest and support for the project.

The Potlatch River IMW targets wild steelhead habitat restoration and the recovery of Potlatch River
steelhead is vital to recovery efforts of Clearwater River basijoMPopulationGroup (MPG)

Pudding IMWs provide a platform for experiments to evaleatstoration effectiveness and look at long term
trends in fish production and freshwater and marine survival. These findings can then be applied in other
watersheds and populations to guide restoration and understanding of populations trends andttifg his
strategies. They are equally as important to determine when some restoration strategies do not work, or if there
is new information about what may be driving populations, so we may shift efforts for recovery if needed.

Skagit The strongest elementd the IMW are

1) This is the only IMW targeting habitat restoration @rinook Salmoim Puget Sound and is located in a
system dominated by naturalrigin fish.

2) The two forks of the Skagit provided a straightforward way to test BACI (Bdfereontrol-impact) designs
because initially all restoration was focused on the South Fork of the Skagit, leaving the North Fork as a control.

3) The Skagit has benefited from a six year (12@®30) pre restoration monitoring within the delta, matched in
those sme years by outmigrant monitoring.

4) The types of restoration examined by the IMW comprise-HigNR 2 NA G& LINP2SOiGa o6& {11
S INB O2yFARSYyUG GKIFIG LINR2SOda IINB Ay (GKS LIALISEAYS

5) SRFBVIW funds would more efficiently be used by leveraging them with existing funding commitment of the
{1F3AG La2 tLAQ 26y FdzyRAYy3I a2dzNOSa FyR FRRAGAZ2YI
IMW funds support approximately 30% of the fundxeassary to execute annual data collection called for in the
Skagit IMW study plan. The remaining 70% necessary for annual data collection is provided by IMW PIs through
other tribal, federal, and state funding sources. No IMW funding is provided forsimalyd reporting. The

Skagit IMW Pls have sought funding for analyses envisioned for completion over the next few years.

Strait of Juan de Fuclo response

Question 4d
What are you learning about the spatial scale of restoration needed to achipopulation scale responses?
IMW responses

Asotin CreekWe treated a large portion of the study area (14/36 km or ~ 40%) and it appears that this was an
adequate restoration scale to produce detectable results. However, the caveat here is that because we treated a
large area, habitat changes are variable, Soma SOG A2y a 2F (KS GNBFdYSyld KI @S
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so much. This is why maintenance is so important keep adding wood where the responses are less until the
whole treatment is complex.

We are learning that the three streams are respanggdifferently to the treatments. Fish responses are
NF>SF>CC generally but habitat responses are SFBQ@e are still assessing the fish and habitat responses
and have not used other parameters (temperature, discharge, adult escapement, etc.) to ¢éxpsmmesults so
far. We also need to complete a full round of maintenance on all three treatments to better compare the three
streams responses.

Bridge CreekThe experimental design for this IMW was hierarchical where treatment control pairs occurred
within the watershed and between watersheds. Differences in fish responses between treatment and control
pairs within the watershed were difficult to detect because 1) the treatment was not independent from the
controls (i.e, beavers started building dams both treatment and control reaches) and 2) the number of
recaptured juvenile steelhead was not sufficient to obtain precise estimates in growth and survival at the reach
level and thus had to be pooled across the watershed and 3) longitudinal differémeeighout Bridge Creek in
temperature can cross threshold levels that can limit fish production (in lower reaches), thus population
responses can be highly influenced by amount and location of the watershed included in the IMW.

Elwha For Elwha&Riverthe primary limiting factors were that dams were not only barriers to upstream life
histories, but also barriers to the transport of alluvium and wood necessary to support habitat forming
processes in downstream reaches. There have been complimentaryatistoefforts to dam removal

including tributary restoration, construction of engineered logjams, removal of floodplain dikes, floodplain
revegetation and conservation of private lands. These represent a large spatial and temporal effort. There is
more work to be done, but dam removal was certainly the largest event leading to measurable changes in
populations at the watershed scale.

Hood CanalThe restoration action that has proven most successful impacted the entire watershed. In Little
Anderson Creekeplacing a barrier culvert near the mouth provided consistent fish passage to the entire
watershed. By contrast, the response to a reachle LWD placemefdrther upstream was more muted. Thus,

the scope (humber and size of logs, spatial extent) oLittee Anderson LWD placement was not large enough

to elicit a pronounced response, though that conclusion may change as the channel continues to evolve
following treatment. A further nuance is that the LWD placement occurred after the culvert replaceamehit
appears that the culvert replacement released the population from habitat capacity constraints, which may have
contributed to the more muted response to LWD placement (see response to question 4d).

The lesson for restoration is to think big andgue projects that have potential to enhance habitat quality or
access across a large geographic area.

Lemhi Large scale habitat improvements are necessary to accrue significant changes in productivity that would
support the recovery of ESA listed fistihie Lemhi River. However, a sufficient amount of time is necessary to
develop large scale restoration actions. In some instances, landowner participation and acceptance, design
development, and acquiring sufficient funding can take more than a decadanriplete. Once a habitat project

is completed, research, monitoring, and evaluating fish response to habitat actions can require a substantial
amount of time and effort, especially when taking into consideration the anadromous life cycle. Thus, large
spatid scale habitat restoration projects require a tremendous amount of time and energy to achieve a
population scale response.

Lower ColumbiaRestoration planning at the watershed scale appears to be more efficient and effective than
piecemeal restorationfor example, it is estimated that instream habitat treatments in the Abernathy Creek
basin have impacted approximately 30% of salmon habitat, including 11.8 km of instream habitat, 1.3 km of off
channel and sidehannel habitat, 0.19 km2 of riparian aread 2.7 km of improved fish passage. Restoration
treatments should target specific problems and be sized to the stream reach in which they are placed. We are
encouraged by recent increases in juvel@leho Salmoand steelhead production in Abernathy andr@any

creeks after just a few years of fish passage improvement and-$aa@e wood placement actions.
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Methow: That perhaps restoration at the subbasin scale is too small to effect change at the population scale. So
many outside influence®ull Troutpopulations may provide a good opportunity to assesbasin effects, as

they do not migrate to the ocean, but this has been hampered by lacgée disturbance (mostly fire) across

much of their spawning and rearing habitats which has strongly influefmidrecent populations trends.

Middle Fork John Day

1. Habitat restoration to reduce stream temperatures needs to be large in scale and targeted to reaches with
the greatest potential for influencing change. This is particularly true in riparian planting locations where
reaches do not need major restoratiomthe channel to restore floodplain and water table function to
promote vegetation growth.

2. Riparian vegetation restoration, providing shade to the stream channel, has great potential to address
stream temperature concerns, but riparian maturation takesigigant time and careful stewardship to
ensure success.

3. ¢KS NRf{S 2F bDhQa KIFa LINPYOSR (2 0SS QAGLIftea AYLRNI

an important role in the acquisition of conservation properties within the MFIMW, which ltestly been
transferred to the CTWS to manage in perpetuity. A more recent example of this is the recent acquisition of
an impaired section of th®liddle Fork John Day Riweith high conservation value (Phipps Meadow) by the
Blue Mountain Land Trust.

4. Vegadation species that are susceptible to grazing disturbance but areaslalpted to fluvial disturbance
with stabilizing root systems can colonize gravel bars and bank bases, ézpand(i KS ¢ i SND &
stabilize these edges. Carex nudata, in paldic may accelerate this process. C. nudata establishes along
the edge of the lowflow summer channel, stabilizing the leading edge of any open areas and facilitating
further colonization and infilling of the channel.

5. In the context of passive restoratipim-stream geomorphological change may proceed at a slower rate and
may follow behind, dependent upon these initial systenide changes in greenline vegetation and
narrowing of the channel.

6. Our findings imply that in future restoration projects, the rofpassive restoration should be explicitly
identified and monitored. Restoration strategies should consider which riparian vegetation species might
respond, and which might not, as well as the implications of that response. The response of vegetation
through passive restoration should be used as a restoration tool. Active restoration of riparian vegetation
(planting) also can be important, but it should be planned in concert with response to passive restoration. In
addition, our results showed that passivective restoration (including instream habitat restoration) has
positive effects, sometimes outperforming passive restoration alone.

(p))

Potlatch

Restoration treatments need to be concentrated in focused areas in order to treat enough habitat to
generate a populatiotbevel response. This requires a great deal of coordination among restoration and
funding partners.

Modelingexercises and observatisrsuggest the largscale restoration projects (or accumulation of
smallerscale projects) are needed to achieve population scale response. For example:

" Life cycle models suggested three passage barrier/ & flow augmentation projects could generate a
signifcant improvement in smolt production. However, the scale of these projects is extensive and
together they would effectively double the linear amount of rearing habitat currently available in
the drainage.

Nearly 7 miles and 220 acres in the Corral Chesle been treated with meadow restoration

projects to improve flow conditions in the drainage. However, we have not documented a positive
increase in flow conditions (i.e., amount or duration of wetted habitat) as a result. Techniques such
as meadow restation or riparian plantings take a long time to mature and become fully functional
and require a vast amount of area to be treated to generate waterstade responses.

In the East Fork Potlatch River nearly 14 km (approximateBs20 of core juvenilsteelhead
distribution area) has been treated with LWD treatments to increase habitat complexity. We have

62

pul



begun to observe positive improvements to emigrant age, growth, and survival during recent
treatment years.

Pudding The restoration design was to whole watershed approach to strategically place large wood throughout
the 80% of watershed to increase habitat complexity and produce significant and measurable fish response.
While this provided full watershed coverage amdod levels increased, they are still below target levels
described in recovery plans f@oho Salmonwe did not see much change in the habitat metrics evaluated

during the study. Because the accelerated recruitment method is intended is to initiateeatwle natural

wood recruitment processes, it may take more time and natural recruitment to meet target levels and begin to
see more of a habitat and fish response.

Skagit We have learned that within the course of the IMW, the pace of restoration iy lizelslow to detect

large changes in the adult populations. To date, 10% of the estuary restoration goals laid out in the recovery
plan have been implemented. We have observed responses to restoration (changes in size, changes in
residence) but not majochanges in marine survival (although results provide some indication they are moving
in the right direction). Additional funding through another project may allow us to examine marine survival
responses in comparison to other populations with less resionat

In addition, juvenileChinook Salmonutmigration abundance has been skewed to the lower than average range
in the recent decade when more restoration has been completed. This fact causes limitations in our ability to
use a stockecruit function as anain analytical tool. It would be statistically helpful to have some larger
outmigrations in upcoming years.

Strait of Juan de Fuca full suite of restoration activities that saturate the watersheds is necessary to effect a
noticeable result, especiallp heavilyimpacted areas. These activities include, but are not limited to, road
decommissioning, riparian planting, bank stabilization, LWD placement, and barrier removal. Wood placement
in particular takes time and effort to get right.

Question 4e

Share any insights regarding the importance of restoration sequencing and watershed location to effective
restoration strategies.

IMW responses

Asotin CreekWe used a staircase restoration experiment whese km (1.252.5 miles) of stream was treated

in different years (2012, 2013, 2014, 2016). The benefits of this approach is it is logistically and economically
easier to implement the restoration and there is less chance that a "year effect” (e.g., drought or large flood) will
bias the experiment resudt The Asotin Creek IMW was implemented in the-ugder portion of the watershed
where habitat conditions were not severely degraded and there were decent numbers of fish already. This likely
also helped us detect a change because the treatment creatddrgabitat, but the basic processes (stream

flow and temperature) and populations (juvenile steelhead) were healthy enough to respond to the treatment.
This setting also had a low LWD frequency as a primary cause of low steelhead production. Lod&tons in
watershed where high temperatures, low flow, and very low population levels exist may not have responded to
LWD additions because there are more limiting factors in play. This suggests thatdmitaprestoration

strategy where typically upper eletian "refugia” be expanded downstream rather than trying to restore highly
degraded low elevation areas first.

Bridge CreekThe goal of projects employing BDAs should include how the system will iseistalihing. This

can occur either by having a gadlhaving beaver maintaining the system or applying treatments in phases with
maintenance until stream incision has been reversed and floodplains are reconnected (i.e., pushing the system
to stage0). Thus, this restoration (and probably all restoratimmot a oneand-done practice as is commonly
assumed.

63



Elwha We think there is an argument to be made that efforts to restore the lower river prior to dam removal
were complimentary to dam removal. In particular the removal of old push up dikes in catiobimvith the

installation of 60 ELJs between river mile-3.8. These increased connectivity to floodplain forests resulted in
new side channels. The ELJ's also formed scour pools that maintained even through peak sediment yield.

Hood CanalWe feelour overall results support the approach of prioritizing connectivity projects (read
crossings, floodplain reconnection) before improving channel structure (LWD placement).

Lemhi Watershed location and scale as well as restoration sequencing is impatentdesigning habitat
restoration projects. Selecting the appropriate location of a habitat restoration site is based on species specific
life history strategies, the habitat metrics required by individual life stages, and the limiting factors affecting
their persistence. Data collected from the research, monitoring, and evaluation of fish populations enables
project managers to target specific fish life stages, prioritize important tributary reaches, and develop
appropriate restoration actions to achietiee best biological outcome. The watershed scale at which a
restoration project is based on is dependent upon the effects to the watershed. In the Lemhi River basin,
tributary reconnection efforts have been successful when specific projects have beamseduo allow for the

best outcome while reducing effects to the resource

Effective restoration strategies also require restoration sequencing at the project and reach scale. Habitat
improvement projects should be implemented in a manner to efficientiyrass limiting factors while reducing
direct effects to fish and their habitat from associated construction activities. For example, floodplain
rehabilitation efforts (constructing channels, grading floodplain areas, installing LWD and other typesn$)ogja
are typically constructed off channel, and then connected to the active river wheater work windows allow

for such activities.

Lower Columbialarge wood additions and engineered log jams have been an important restoration treatment

in the LC INV complex, particularly in Abernathy Creek. Scale seems to be an important factor, with increases in
Coho Salmoproductivity in the last 4 years associated with treatments of 30% of salmon habitat. Wood
additions are also designed to increase floodplainrectivity by raising the water table in highly incised

channels. Landowner willingness is extremely important in restoration sequencing for these actions, as property
may be directly impacted by the water level change.

Methow: We are working now withwr Upper Columbia prioritization framework which will guide locations, less
so for sequencing, moving forward. We have had very little coordinated sequencing in the Methow, it's not been
in place. Mostly it was to address the 'low hanging fruit' first theave elsewhere. We have used tbgper
ColumbiaBiological Strategy for years to guide what types of restoration and where and this has been a
prioritized approach. | would say this has been very important andthyger Columbidkegionallechnical Team

and Upper GolumbiaSalmonRecoveryBoard deserve great credit for their work on the Biological Strategy and
Prioritization.

Middle Fork John Day

9 Successful actions identify and treat the primary factor limiting fish abundance, distribution, and
productivity within watersheds (Hillman 2019). Early restoration in the MFIMW may not have focused on
actions to adequately treat the primary limiting fact

1 In some locations, restoration practitioners took the approach to first restore stream process and function
that would then allow riparian vegetation to recover over time. Efforts are now shifting to focus more on
implementing riparian vegetation restation across previous implemented projects and integrated into new
restoration projects.

1 To maximize benefits from restoration actions, restoration practitioners should identify and target cold
water input locations (including instream and tributarynflaences) for more effective habitat
improvements.
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9 Carefully consider the potential traeleffs between restoration actions during planning and design phases.
Keep in mind the longerm benefits of increasing habitat quality/quantity and vegetation reagwvith
other factors, such as shererm elevated stream temperatures.

1 Prior to implementation, determine whether restoration plans will increase stream surface area at low flow;
models show that greater surface area could further elevate water tempegatiHowever, other long term
ecological functions that should reduce stream temperatures over time generally outweigh short term
temperature impacts. These losigrm ecological functions include but are not limited to increased
floodplain connection andhcreased water table to promote vegetation growth.

1 Watershed location is likely an important determinant of the efficacy of restoration actions in the MFIMW.
Impaired sections of thdiddle Fork John Day Rivéncluding private land near Bates, OR andeBdtond,
occur upstream of ongoing and future large scale restoration projects on CTWS properties. The spatial
patterning of ownership and land management practices creates persistent challenges for restoration
practitioners in the MFIMW.

Potlatch

Watershedlevel geomorphic assessments are one of the most effective ways to help identify and prioritize
sequencing and strategies. However, funding for these assessments is difficult as funding is prioritized
toward design/implementation.

There is a defiite need for restoration sequencing and location to maximize the benefits of habitat
restoration. For example, it makes no sense to conduct instream habitat treatments in an area upstream of
a passage barrier before the barrier issue is addressed. isgitvis ineffective to conduct instream habitat
treatments in locations where the target species are not located.

It is generally best to start lower in a drainage and work upstream; however, there are examples when it is
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flow augmentation techniques should occur before any instream restoration projects are implemented.

It is desirable to try to build off successful projects and link projects hagdb effectively treat a larger

reach versus tackling individual projects piecemeal in a drainage.

Pudding The accelerated recruitment was a cestective approach to treat a large portion of the watershed all

at once. The method is intended to mintie process of natural wood recruitment within the active channel.

The Pudding Creek watershed is located almost entirely within privately owned timber, with good access to the
stream to deploy this wood loading strategy. As far as sequencing, this gataas done all at once. It will be
important to reassess to determine the rates of natural recruitment, habitat change, and if there should be
retreatment of wood.

Skagit Analyses suggest that connectivity to the mainstem source of juvghilgook Salwn migrants strongly
predicts use of estuarine wetlands. Hence, restoration projects closer to the initial forks would likely see higher
effectiveness in terms of utilization by fish.

Strait of Juan de FucRestoration actions have occurred over a {tlecade period. Restoration has attempted

to be holistic and watershed scale but in reality has focused mostly on the anadromous reaches. Study
watersheds have been heavily impacted by histdiend uses ad the effort to reverse these impacts will take

time, possibly well beyond our ability to sustain them. We have been iterative in our approaches to restoration,
particularly large wood projects. We have found that our #stage approach to wood restorat in proving to

be effective. Stage one projects were older ground based using small aggregations of wood (primarily cut logs).
These were effective at initiating channel recovery processes. Stage two projects are newer and helicopter
based and used aggns that included channel spanning logjams. In low gradient unconfined reaches, the
combination has resulted in increased floodplain reconnection.
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Question 4f

Are there factors not being addressed by restoration treatments that are limiting fissponse? Predation,
competition, climate change, ocean conditions, land use, harvest, hatchery, etc.

IMW responses

Asotin CreekYes ocean conditions, eight mainstem dams (4 on Columbia Rha# on Snake River),

commercial and recreational harvest, histalichannelization, and current infrastructure (houses, feedlots, and
roads) within the floodplainrBeaver populations appear to be suppressed by predation from bears and cougars,
limiting population growth Riparian areas have been mostly protected and hisaptanting has helped

recover young riparian forests. However, much of the floodplain on the mainstem Asotin Creek flows through
private property where the river is confined by l@geand rip rap reducing the extent of active floodplain
significantly. In the IMW area, there is less infrastructure in the floodplain but there are still areas where
floodplains appear to be disconnected by histalithannelization and rip rapping. Vi&ee focusing more on
floodplain connection with our ongoing maintenance adtling BDAs, andill have better idea of the percent
disconnected and the potential for reconnection after further analysis.

Bridge CreekMuch of the valley bottoms in Bridgeeg@k are still irrigated for planted crops thus water use and
upland landuse is still having impacts to fish habitat. Bridge Creek has sections that can reach lethal
temperatures during warmer summers. Climate change and water use can exasperate impactparhture.

This IMW does not account for any enftwatershed responses that are undoubtedly important (e.g., mainstem
dams and reservoir operation, ocean conditions, harvest and predation.

Elwha The Elwh&iveris fairly unique in that 83% of the watdred is protected within the boundaries of
Olympic National Park. The river is also mostly undeveloped and has an intact floodplain. Complimentary
restoration actions are also occurring in the lower river, tributaries and former reservoirs. Probablygdglest
unknowns revolve around the impacts of marine fisheries and ocean conditions on Eilvgnstocks.

Hood Canall think one relevant point of emphasis here is that restoration of freshwater habitat conditions can
only get you so far for a speci#hst inhabits the marine environment for half its life. Over the course of our 40
year time series at Big Beef Creek, we have observed adomgdecline inCoho Salmomarine survival, and

during the IMW era, harvest rates have often exceeded 60%. Wresuthat these two factors are part of the
reason that Little Anderson Creek was consistently below habitat carrying capacity in the years surrounding the
LWD addition, potentially leading to the muted response to LWD placement that we have observed so fa

Lemhi Factors that make it challenging to address fish response to habitat actions include predation,
competition, ocean conditions, land use, and harvest. Concern has been raised in regard to Bull Trout predation
on juvenileChinook SalmarCompetition between native and narative species is assumed but can be

challenging to address. Currently we are evaluating potential effects with the presence-oatiea Brook

Trout utilizing rearing habitat for juvenile steelhead at the treatmend amach scale. Additionally, other factors

such as ocean conditionBederal Columbia River Power Systamd harvest (commercial and recreational)
influence adult salmon and steelhead returns to the Salmon River basin. In recent years, adult retuens to th
Lemhi River have been low enough to limit our ability to assess fish responses to restoration treatments.

Lower ColumbiaHabitat restoration in the LC IMW watersheds has largely focused on increasing quality habitat

for overwinter rearing and survivaktvaluating density dependent relationships related to overwinter survival

may be a more direct evaluation of population response to habitat actions in these stream networks. A

comparison ofcoho SalmohJ- NNJ 2 GSNB A Yy (1 SNI & dzZNIDA @ANR y @O SIB A NE NNB & @ 3 K.
increase in overwinter survival in the treatment watersheds (Abernathy and Germany) and decrease in the

control watershed (Mill) over the course of the study (brood years 2Z00¥B).

Methow: We are doing almost no work on predat, ocean conditions, land use and development, harvest, etc.
So, | would say there are a host of LFs that are not being addressed. Mostly it's been the habitat related LFs that

66



have been the subject of monitoring efforts. Exceptions include hatcherygrogionitoring and the
development of aquatic productivity models.

Middle Fork John Daglimate change (drought conditions, lower snowpack), Columbia River passage, ocean
conditions, overshoot at Columbia River dams by adult steelhead, downstream passhgater conditions
(e.g, low flows as a result of water diversions and climate conditions)

Potlatch Factors not being addressed directly by restoration treatments include poor ocean conditions for

marine survival, migration through the hydrosystemimelte change, and land use changes. Restoration

treatments may indirectly address some of these issues by creating refugia during critical periods or by
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Pudding The addition of wood should work to increase habitat complexity and help build resilience to climate
change impacts (ex. increased summer habitat in response to lower base flows in drought; flow refugia in winter
in response to higher more extmee winter flows) However, extended drought, changing ocean conditions and
flow timing will likely limit fish response. The truncated rain season (starting later and ending earlier) influences
timing and magnitude of flows the opening and closing ofliait estuaries, which can block or delay adult and
juvenile migration.

Skagit One likely challenge confounding our ability to detect effects of restoratioBinook Salmois that

there have not been many bonanza year<binook Salmoabundance. Bonamzyears are years of high
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numbers of iariver outmigrants. Those years would produce the greatest effects of restoratiead changes
because more $ih would benefit from the restored wetlands.

We have 27 years of data. Since our more continuous restoration period starting in 2007, however, we have only
observed river outmigration abundances exceed expected capacity once in 2013. We would benefibfiemm
observations at these higher abundances. In this respect, low marine survival is likely having a strong effect on
population response.

Strait of Juan de Fuc®ngoing land use impacts including mass wasting frorsstofee roads has impacted
watershedsn some years. However, the overall trend in the SJF has been a dramatic reduction in the rate of
landslides as compared to the 1982'990's period. Road abandonment and Forest Plan restrictions on logging
oversteepened lands has been effective. Adtagtor that has not been addressed is the marine survival of
Coho Salmoas affected by ocean conditions.

Question 4g

What are you learning about salmon life history (e.g., run timing, abundance, juvenile
emigration/outmigration timing, etc.)? Whatare you learning about the relationship between salmon life
history and instream restoration and overall habitat diversity?

IMW responses

Asotin CreekWe have an excellent resource in the Asotin with theifisiish out monitoring managed by the

WDFW with has been running since 2004. WDFW has an efficient adult weir and smolt trap and provides good
estimates of escapement, emigration, age, size, and sex structure, run timingestdierr et al. 2020). WDFW
have identified 25 different litdistorieswith the dominant being 2.1 and 2.2 adults (totaling 68% of all

returning adults). We hope to add to the list of life history diversity detected with further analysis of IMW fish in
the tributaries that appear to have a larger resident component and speoiek time in freshwater.

Bridge CreekiNo response
Elwha Increased life history diversity was a predicted response to the removal of the Elwha River dams and
adaptive management guidelines recognized the importance of life history diversification to the recovery of
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Chinook Salmoand steelhead in the basin.v@n the considerable longitudinal differences in habitat
characteristics in short, coastal rivers such as the Elwha River (e.g., temperature, gradient, floodplain valley
width), colonization of upstream habitats may present new environmental conditiousrdification of habitat
niche utilization during colonization can increase life history diversity, and in turn, benefit abundance and
productivity. In Puget Sound, snowmelt river conditions favor early adult spawning and giyparnuvenile
rearing straégies inChinook Salmarbut occupancy of these headwater habitats is undgaresented in the
region due to dams, restricting life history diversity.

Specific life history types @hinook Salmoand steelhead in the Elwha River where thought to be pathose
populations historically, including spri@hinook Salmoand summer steelhead, due to the environmental
conditions and geomorphic characteristics of the Elwha River basin. Thevatddstream temperature regime
above the dams had been thoughtbe conducive to slower growth rate and overall size of juvediigook
Salmon creating a growth trajectory favoring the streagpe life history characterized by one year of
freshwater rearing prior to outmigration. Similarly, summer steelhead were thgsived to predominate in the
upper Elwha River basin due to its series of canyons interspersed between alluvial valleys, creating habitats
conducive to that life history.

Summer steelhead have been documented over the last four years, increasing innsunoloe 2015 to 2019.
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positive sign that the ability of fish from the basin to express this life history strategy is a response to dam
removaland reconnectivity of the watershed. Configuration of the Elwha River watershed and potential genetic
disposition of resident O. mykiss could both play a role in this life histegyxpeession since dam removal. As

we have already stated, the Elwha Riigea series of alternating alluvial and canyon reaches, and it has

generally low stream temperatures for the majority of the basin across the year, both of which favor expression

of the summer steelhead life history. Preliminary genetics work complatgdest that these fish are most

likely originating from the resident population of O. mykiss above both dams, owing to the harboring of alleles

for early run timing in the upiver population.

Hood CanalWe have been collaborating with scientists at SirRaaser University to investigate changes in

smolt migration timing over the course of our fish time series, which runs back to the early 1990s (Seabeck,

Little Anderson, Stavis creeks) or late 1970s (Big Beef Creek). In our IMW study strelamSalmosmolts are

now migrating earlier in the season, with a rate of change of several days per decade. This is consistent with the
hypothesis of more rapid species phenology in a warmer climate. At a broader scale, by examining data

compiled from Alaska to Crnia, our collaborators have found that rates of smolt timing change are hard to
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impacted by climate change is unlikely to be successful, arguingdtection of diverse habitats and diverse

life histories.

Lemhi The IMW has provided an opportunity to learn about the diverse life history strategies of salmon and
steelhead and how specific life history strategies relate tstiram habitat diversit. Over the years, we have
monitored run timing, species abundance, juvenile outmigration, and adult escapement of salmon through a
variety of sampling methods (i.e., rotary screw trapping, madapture electrofishing, spawning ground
surveys, radio tel@etry, and PlHag arrays).

Juvenile salmon will emigrate from the Lemhi River at various life stages. We have obser@eshgen

migrating out of the Lemhi River, some of these fish are detected at Lower Granite Dam relatively soon after
leaving the Lemhi River, while others aietected at the dam at a much later date (reared in the Salmon or
Snake rivers), and a majority go undetected.

Early migration behavior of agefish may be in part a result of poor overwintering habitat in the Lemhi

River. Juvenile salmon that chooseowerwinter in the upper Lemhi River have a better survival rate than

fish that move down river to overwinter. This is likely a result of poor habitat conditions in the lower Lembhi
River.
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From the2017 Upper Salmon Subbasin Integrated Rehabilitation AssgggUSSIRA), we have learned that
the Lemhi River is limited in overwinter habitat capacity (the amount of specific habitat needed for juvenile
salmon to survive through winter). There is a need for reduced velocity, deep pools, floodplains, and woody
debris for juvenile fish in the lower Lemhi River. Creating habitat diversity is expected to result in more
juvenile fish overwintering in the Lemhi River and emigrating aslagmgolt (rather than agé) where they

are larger in size and have a better chawé survival to the ocean.

For a detailed explanation, please see the USSIRAr2pbit prepared by Quantitative Consultants, Inc., RIO
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TroutUnlimited, and the Nature Conservancy, Boise.

Lower Columbialn the LC IMW complex, we are learning a lot about juvenile Chinoo€amal Salmotife

history diversity. We have found that density affects the migratory life history expression of juxaiaihook
Salmon(i.e., fewer parr with increasing juvenile abundance). We have also found that tributary and headwater
reaches are important habitats for producing spridgho Salmosmolts. Analysis aZoho Salmoapparent
overwinter survival data shoed that upper reaches of the LC IMW basins are more likely to produce spring
smolts, andCoho Salmothat are larger at the end of the summer are more likely to be detected as spring
smolts. Data from our smolt trap in Abernathy Creek that operated through fall 2019 also indicated that a large
proportion of Coho Salmoemigrate from their natal streamsuding the first year of residency beginning in mid
September. There is still a lot to learn about the contribution of the fall migrants to the overall adult return.
Additional insight into apparent overwinter survival has come from observations of aif@fimhlife history.

The emigration of subyearlingoho Salmofrom their natal streams in fall may partially explain the observed
overwinter survival patterns, suggesting that the expression of this life history may be related to overall habitat
conditiors in the basin.

Methow: There is much diversity in life history and habitat use. We seem to learn something new all the time. |
see the releases of hatchery fish make determining the effectiveness of restoration and habitat efforts more
challenging. Couplihat with recent and extensive fires (disturbance) also contributing to noise. We have very
little project sequencing so effects can be masked by multiple projects occurring in the same reach. We do see
lots if sue of wood structures and floodplains posstoration, but the fate of the fish using these areas is largely
unknown. It may come down to how much inference one is comfortable taking on.

Middle Fork John Day

1. Average redaounts and spawner abundance remained stafibinook Salmoredd density (redds/km) on
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as spawning shifted from upstream reaches to restored reachesendiisturbance occurred.

2. We are evaluating differential survival and fis&bitat relationships at restored and unrestored sites where
habitat was intensively measured at a reach scale. Recent juvenile movement tracking efforts suggest an
oversummer surival bottleneck and tracking data will be used to identify survival patterns for restored and
unrestored reaches.

3. The importance of tributaries faChinook Salmoparr to access thermal refugg@building on work from
other research to confirm this finding

4. Exceptionally hot and dry conditions of summer 2021 drive home the importance of habitat diversity-that in
stream restoration would ideally provide in the face of the current climate crisis.

5. Work by various partners relating fish distribution to sumrsteeam temperature provided important
empirical evidence that stream temperature is a key limiting factor for juvenile salmonids in the system.
Recent publications using data collected in the MFIMW highlight the crucial role stream shading will play in
efforts to combat increasing stream temperatures in the system (Hall et al., 2020; Wheaton et al., 2018).

6. Outmigration timing: Examining outmigration timing has informed population limiting factors. In the Middle
Fork our tagging efforts and antenna netwdr&ve allowed us to understand outmigration timing of fish in
the upper Middle Fork, which indicates owsinter rearing habitat is limited.
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7. Thermal refugia: From the teyear summary report we know temperature is limiting in the mainstem
Middle Fork Johibay Riveand that reducing temperatures in the mainstem is crucial for rearing habitat.
Identifying, protecting, and promoting thermal refugia, including tributaries, is going to be critical to the
survival of salmonids during heat spikes. This yearawe lobserved fewer than average fish in the
mainstem, but high densities in the tributariekhesedataare very applicable to other populations as our
results indicate the way we view spawning and rearing habitat may look very different in a warmirtg,clima
and in some cases may not even be the same river (i.e., spawning in the Middle Fork and rearing in the
tributaries).

8. We hope to learn from 2021 monitoring, how survival is influenced by habitat characteristics and rearing
location. We will be lookingt how rearing in a tributarys.mainstem impacts survival as well as how
rearing in the uppeMiddle Fork John Day Rivemrestored, very simple), vs. the CTWS restored Oxbow
Conservation Area (restored and diverse) habitat influences survival.

9. We are still learning about salmonridhbitat relationships, especially at the juvenile life stage. Rega
especially limiteddr the <65mm (i.e.PIFtag sized) juvenile salmonids, and the g@gr life-stage.

Potlatch We have documented a wide diversity of steelhead life histories in the Potlatch River with distinct
differences between the index watersheds. Of note, we hawv&eoved differences in peak emigration and
escapement timing between the watersheds. Also, we have documented differences in emigrant age structure
and survival between the watersheds. We are learning that life history characteristics are not statinded ca
influenced by changing habitat conditions as documented by the recent shifts in the East Fork Potlatch River. We
have also gathered knowledge about the prevalence and importance of resident O. mykiss and their relationship
with anadromous steelhead e Potlatch River basin.

Pudding We have learne@€oho Salmojuveniles that spend two summers in fresfater are present every year
but go undetected because of overlap in size with-gear smolts. While growth rates and size also drive
outmigration timing, the twe summer freshwater life history is likely more prevalent under drought conditions
when low fows delay or block passage. We found that wiiaiho Salmowere blocked from returning to their
natal watershed due to lack of rainfall and closed sandbars at the mouth irZX)1he cohort was rescued by
previously unrecognized life history diversitydur watersheds; namely fish that were born in 2213 that

spent two winters in freskater and two summers in the ocean. This life history emphasizes the importance of
diverse habitat for different life history expression.

Skagit We have learned ati@bout densitydependent andindependent factors affectin@hinook Salmofry

in the estuary. In addition to strong densitigpendent effects of outmigration numbers, body size is influenced
by temperature, timing is influenced by temperature and pealwfl, and abundance of pirdalmon like fry
migrants in Skagit Bay is related to peak flows.

One of the most fascinating aspects of local project monitoring work (not-fiitfed) include findings of nen
natal habitat use by juvenil€hinook Salmothat bypass the natal estuary. These include nearshore lagoons and
bay shorelines, and even naratal creeks that they swim into after moving through the marine nearshore.
Based on timing, residence, and growth results, thesematal habitats appear to perform éhfunction of the

natal estuary.

Strait of Juan de Fuchife history monitoring has yielded valuable informationGmho Salmoand steelhead.
Results are summarized in: Bennett et al. 2014 Nomads no more: early jU@ehibeSalmomigrants

contributeto the adult return. Ecology of Freshwater Fish doi:10.1111/eff.12144. Hall et al. 2016 Life history
diversity ofsteelhead in two coastal Washington Watersheds. Transactions of the American Fisheries Society
145:9901005.
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Question 4h

What are youlearning about the role of floodplain and upland land use in shaping habitat conditions and
achieving restoration outcomes?

IMW responses

Asotin CreekAsotin Creek was one of the first watersheds in Washington to have a Model Watershed planning
process iplemented and completed in 1995. The focus of restoration efforts as a result of the model
watershed plan were to improve upland farming practices and fence off riparian arées @onservation

Reserve Enhancement Programet them recover. When the Asin CreekMW started in 2008 it was

apparent that the earlier restoration actions had improved upland farming and thereby reduced erosion and
excess sediment entering Asotin Creek, and much of the riparian areas were recovering providing shade and
sourceor organic matter to the streams (leaves and small woody debris). These past actions allowed us to
identify that the largest limiting factors left to address were lack of large woody debris, lack of overbank flow,
and disconnection of floodplain pocketsroughout the IMW study area. Our data to date suggests that the
addition of wood has increased fish production, but further gains could be made if the remaining disconnected
floodplain areas are rengaged with more regular flows and potential active stlannels even during low flow
periods (i.e., summer).

Bridge CreekActive floodplains are critical to a properly functioning riverscape. The increase insuatege
andriparianvegetation was observed in this IMW as the floodplain was reconnected. Reconnected floodplains
allowed for a 1200% increase in side channels. The increase in side channels and woody vegetation (mostly
willow) likely provides critical fish habitat for boltigh flow (flow refugia) and low flow (increase of available
habitat) conditions. Also, a decrease in temperature was observed with increase beaver dam activity likely
though an increase in lateral and vertical hydrological connectivity.

Elwha The connetion between upland land use, or lack thereof in the case of the ERWex and adjacent and
downstream floodplains has been critical to the success of the dam removal. The upstream area housed over
15million cubic meters of sediment that was routed datream. The connected, forested floodplain became a
great storage area for the upstream sediment. Approximately 50% of the upstream sediment that stayed in the
river was in the floodplain and side channels. Having a relatively intact uplan area andieningdioodplain

helps to dampen impacts, whether they be from long tdamd useor short-term restoration impacts.

Hood CanalA major floodplain reconnection project (4.5 hectares of wetland reconnected) was completed in
Big Beef Creek 2016, and it &gped to substantially increase the availability of higlality overwinter habitat

for Coho SalmonWe plan to evaluate the fish response to increased access to wetland habitat in the coming
years.

Lembhi In the Lemhi River basin, floodplain and uplasd bas reduced or eliminated the natural processes that
create healthy and diverse riverine habitats. In addition to loss of key habitat attributes, removing floodplains
results in degraded water quality. Reduced water quality from upland use includeased sedimentation,

warmer water temperatures, and reduced biological productivity. As a mitigation measure, project managers
are focused on enhancing histaldloodplains to restore some of these natural processes while creating better
quality habitatfor fish. Floodplains store water and increase flow from groundwater sources (recharge of ground
water), and assist in flood and erosion control which reduces sediment inputs into the river and can lower water
temperatures. They also provide wetland vegf@in which creates shelter (predation avoidance) and food for
juvenile fish. Most importantly, floodplains increase biological productivity in riverine system. Thus, floodplain
rehabilitation projects are a great mitigation tool that creates ideal halitatditions for fish.

Lower ColumbiaUpland land use (e.g., landowner property and agriculture) is a limiting factor when
considering restoration activities that promote floodplain reconnectivity. Flooding is not the desired outcome of
restoration in these areas.

Methow: No response
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Middle Fork John Day

1. Over the past two centuries, thdiddle Fork John Day Rivecurred significant posEuroAmerican
settlement impact from beaver trapping, road building, cleat logging, fire suppression, channel re
routing, floodplain/wetland drainage, grazing, and mining. Fortunately, the most damaging of these
practices have since been curtailed and the waterdgh@slgood recovery potential. One of the most
dramatic changes was dredge mining of a large portion oMtiuglle Fork John Day Riverthe 1930s, near
what was then referred to as the Oxbow Ranch, resulting in destruction of floodplain vegetation land soi
and a straight, trenctiike channel. This change has been largely remedied by building a new meandering
channel in the Oxbow Phase 2, 3, 4, and 5 projects in-2612

2. LYLX AOAG Ay aiGNBIY NBalG2NI A2y A a-EHINES! WSNMCHYY (3K (il
ecosystem conditions, and that one can evaluate the degree of departure from this range in order to
jdzZ yGATe SO2aeaidiSY RSANIRFIFGAZ2Y 2NJ AYLINROGSYSyiaod | 2
condition for a watershed is untale because natural disturbance processes have continually shaped river
systems over time (Mann 2011). Metrics of restoration success should not be based on an imaginary static
condition that once existed but focused onestablishing dynamic natural eggstem structure and
function. These functions include riparian biodiversity and natural plant community regeneration, nutrient
cycling between the floodplain and channel, maintenance of natural channel morphology through hydraulic
processes, and resilieat¢o natural disturbance processes such as floods and fires (Kauffman et al., 1997;
Palmer et al., 2005; Williams and Reeves, 2006gdRablishing and maintaining these natural processes is
especially important to ecosystem resilience as the PacifictMasdt faces impacts from a changing climate.

3. Expectations for restoration outcomes need to be tempered with a realistic understanding of the rate at
which natural systems can recover from almost two centuries of Bumerican settlement and land use.
Slowrestorative processes, such as vegetative change, and those that manifest over generations of the
target species require planning and monitoring over decadal scales. However, responses to restoration
actions such as fish passage, channel reconfiguratimhcaver enhancements require less time to observe
a fisheries response and can be targeted successfully for shorter term experiments.

4. Tributary inputs of cold water to the mainsteliddle Fork John Day Riveather than groundwater inputs
from the mainsem floodplain, play the most important role in cooling thiéddle Fork John Day River
Additional floodplain evaluation is currently underway for juvei@nook SalmanVNe are currently
investigating floodplain use by early emerging juveniles.

5. Weused anumeric model tanvestigate whether Middle Fork John Day Rivilwodplain reconnection
project could mitigate latssummer low flows and elevated stream temperatures through increased
mainstem flow by delivery of water stored in the floodplain, fromhhiginter flows, in the summer. This
restoration action was shown to be ineffective in the mitigation of summer water temperatures. It should be
emphasized, however, that the floodplain reconnection has benefits to salmonid communities during high
flow periods. Consistent with summer flows being generated from stored groundwater, it was also found
that groundwater did provide significant cooling to the MFJD tributaries, which deliver this cool water to the
mainstem.

Potlatch

Floodplain and upland land use can dramatically influence habitat conditions and add complexity to
achieving restoration outcomes. For example, the majority of the lower Potlatch River watershed has been
converted to tiled agricultural fields which has gily altered the hydrology of the system (more frequent

high spring flow events and lower summer base flow conditions). Due to the vast scale of the impact, it is
unfeasible to restore the hydrology of the system using strictly process based approacleteamative

methods need to be considered. For example, we have demonstrated that flow augmentation from
headwater reservoirs is highly effective in improving flow conditions and is getfestive approach relative

to the alternatives.

Responses in hiht conditions to treat upland/floodplain habitat degradation will take time to fully

develop. For example, plantings to improve riparian conditions and ultimately instream complexity, will take
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decades to fully mature and actively recruit material to ieeam. Meadow restoration techniques will also
become more functional over time as native plant communities adjust to wetter conditions. These types of
projects will likely require multiple treatments over time until the site becomes moressisifaining

For the most part we cannot regulate changes in upland land use and it is hard to predict what impact they
will have on the project. For example, there is an influx of people moving into the local communities around
the Potlatch River basin and agricutil/timber land is being converted into homesteads. The impact this

will have on already degraded flow conditions in the basin are unknown.

Pudding Floodplain connection may require more natural recruitment of wood, retreatment of wood as and
years withhigher winter flows. Under drought conditions, it may take more time to achieve habitat change and
floodplain connection by adding wood alone.

Skagit This is not included in the Skagit IMW. However, independent research across Puget Sound rivers (Hall et
al. 2018) that includes Skagit data illustrates that freshwater productivity is highly related to floodplain
complexity, and the Skagit represents the most complex watershed in Puget Sound

Strait of Juan de FucHlistori@l and ongoing landise practiceg¢road construction, logging) continue to
influence the effectiveness of the restoration activities. Magsting events and avulsions can dramatically
change or negate the effects of restoration. Equilibration of the systems will take decades or longeuito
Riparian recovery in particular will take centuries.

Question 5

What types of watersheds do you think IMW results are applicable to in terms of legacy and current land uses,
watershed size, stream order, flow regimes, and other watershed characteristics? And, what watershed
characteristics or treatment types are not gticable for restoration activities being evaluated by the IMW?

IMW responses

Asotin CreekThis is one of the most important parts of the AsdMW. Because we have developed a

technique that is specifically relevant to wadeable streams, the knowledd@attomes from theAsotin Creek

IMW could be applicable to 10,000s of miles of streams across the Pacific Northwest. Wadeable streams include
order 1-5 streams and these typically make up over 90% of all perennial streams in a watershed. We are
implementing lowtech processhased restoration in three streams in the Asotin (Charley, North Fork, and South
Fork) and each has a different flow regime. So we can see how the structures work and how effective they are in
large streams (> 1,000 cfs), flashy streamith low summer flows (B00 cfs), and spring dominated streams

with relatively consistent flows (50 cfs). Each one of these stream types is responding differently but all are
showing positive responses in both habitat and fish. The streams also raggedient from 1.2&lImost 4% and

have varying floodplain/valley settings from large alluvial valley bottoms to narrow confined valleys. Therefore,
the Asotin CreekMW can help export lessons learned to a wide variety of watershed types and could e high
applicable to headwater streams in a wide variety of ecoregions. Théeldwmethods we have developed also

are applicable to many intermittent streams which are often ignored by traditional restoration planning despite
intermittent streams being partularly important parts of fish life history patterns especially on the-sat of

the Cascade Rang&he low risk and costffectiveness of lovtech also allows a greater level of "learning by

doing" If practitioners are not sure if the method is appropriate, the cost and risk is low of implementing a pilot
project to see if the approach is appropriate in their watershed.

Bridge CreekBridge Creek results are likely applicable to the majorityrebms in watershed. Many streams

are structurally starved, incised, or simplified. Most stream miles within a watershed are wadeable where this
approach is most appropriate. Large streams with flashy flows will be difficult to build or maintain BDAs or

beaver dams in. The Beaver Restoration Assessment Tool (BRAT) was inspired by the results of Bridge Creek. The
model predicts the ability of beaver to build dams based on stream power at both low flows (when dams can be
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built) and high flows (what dams caritlastand). This information can be used to guide the stream size and
location where BDAs can be built.

Elwha The Elwh&iveris a fairly unique watershed with an intact headwater area, functioning forest floodplains
below, and a limited number of tributaes. It is also fairly unique in having both raimsnow and snow

dominated hydrology. That being said the treatment type of dam removal is generalizable. Salmon increase their
distribution and extent immediately after barrier removal. In addition, restdde forms can contribute to life

history types as well as overall abundance when connected. The rate and extent will vary with species and the
given situation (i.e., initial population size, hatchery contribution, etc.).

Hood Canalln general, we feghe Hood Canal IMW is representative of small, low elevation streams west of

the Cascad®angecharacterized by rakdominated hydrographs and mixed rurasidential land use. Such

streams, commonly inhabited yoho Salmoand steelhead, are found thrgiout western Washington and

Oregon. Thus, althougBioho Salmoare not listed in Hood Canal, we feel the results of our work are generally
applicable to Evolutionary Significant Units where the species is listed (i.e., Lower Columbia and Oregon Coast).

Lemhi: From the physical habitat and biological perspective, IMW results are applicable to most of the

tributaries in the upper Salmon River basin. Multiple limiting factors are consistent across tributaries, including,
fine sediment, temperature, fish pagpa, channel form and function, riparian zone function, hydrology (stream
size/order), and land use practices (e.qg., irrigation). Improving upon these factors increases the quantity and
guality of habitat condition that would be expected to increase frest@wvproductivity. Additionally, most of

the biological factors among watersheds of interest, generally speaking, are comparable. These biological factors
include species composition, life history strategies, and specific fish life stage requirementsenbDééein

physical factors (e.g., hydrology, geomorphology, land use practices) would have to be considered, and clearly,
the more similar tributaries are, the more applicable IMW results and recommendations would be.

All restoration actions proposed anplemented in the Lemhi River watershed are developed to address factors
that are currently limiting fish production and survival. Therefore, evaluating limiting physical and biological
requirements that influence the distribution, abundance, and suna¥dish at all life stages would provide

useful information relative to their importance for conserving or restoring populations. Moreover, all treatment
types in the Lemhi River basin would be applicable for restoration activities being evaluated lei\the |

Lower ColumbiaThe LC IMW complex was selected because it was representative of small, low gradient coastal
tributaries that had been impacted by land use (forestry, agriculture). Results from this system are applicable to
other small coastal watergtus but likely not informative to high elevation, inland systems or strictly estuarine
restoration treatments. Watershed treatment types that have not been evaluated by the LC IMW complex
include beaver dam analogs, flow or hatchery augmentation, screernisial wetland inundations and

reconnection.

Methow: No response
Middle Fork John Day

1. Results from the MFIMW are applicable to similar watersheds in the Gbtlmbia with historial mining
and grazing practices, where the floodplain has been dredged and the channel altered and where there has
been significant uplands harvested for timber and heavily roaded with culverted stream crossings. Lessons
learned for the recovery of ripariazonditions can be applied to watersheds where grazing by cattle and
browsing by wild ungulates has impacted herbaceous and woody vegetation.

2. Results learned concerning temperature recovery are not applicable to coastal systems that have adequate
temperatures but diminished complexity from large wood inputs.

3. C. nudatgTorrent sedge) has a limited distribution, but where it is available, it has great potential to
enhance irstream habitat diversity, increase important fish habitat and cover, and protédity to
banks.

4. Data from the MFIMW has been used to inform restoration in similar and nearby watersheds owned by the
USForest Service
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10.

The structure and processes within the MFIMW group set the framework for monitoring and data
infrastructure in thenearby Desolation Creek basin, which is operating like an IMW.

The temperature data that is collected and managed through MFIMW funding is widely shared both locally
and regionally. Regionally, our temperature data has contributed to the NorWeST stregarature

database as well as Oregon'sgartment ofEnvironmentalQuality stream temperature database. On a

more local level, restoration practitioners utilize our temperature data to inform prioritization of restoration
actions.

Currently, our longerm temperature monitoring dataset is being used to develop a spatial stream network
model to predict continuous thermal profiles throughout the MFIMW. Output from the spatial stream
network model will be used to i) compare temperature trends in watershetis ongoing restoration

actions and those without, and ii) to prioritize watersheds for future restoration efforts. Prioritization will be
given to watersheds that are classified as thermal buffers (i.e., resilient to warming air temperatures), as
well asthose that are on the cusp on becoming a thermal buffer.

Collectively, the Hea®ource model and the spatial stream network temperature model highlight the power
and importance of longerm monitoring datasets. The He8burce model has been succedigfused in

other watersheds, and the use of this model developed for the MFIMW in conjunction with riparian and fish
distribution models could be applied in other watersheds to understand the effects of shade, flow, and
riparian growth on stream temperatas and effects on fish distribution.

Stream flow dataare complementary to a variety of ongoing monitoring effottsSBRand CTWS have used
stream flow data in conjunction with drone imagery to determine what flows cause floodplain activation at
particular reaches of thdliddle Fork John Day Riv&TWS is planning on using the NFIDWC stream flow
data in their analysis of water table wells within the restored reaches of the floodplain. ODFW plans to use
the stream flow monitoring as part of their lHfgyde monitoring work, particularly in tributaries such as

Camp Creek and in the upper sectionsnafinstem In particular, flommonitoring efforts in the Camp Creek
drainage complement cgoing longterm monitoring (> 10 year) of juvenile summer steelhead abundance
and survival by ODFW biologists.

Within the MFIMW we are seeking to monitor the effectiveness of habitat implemamtaictions to

restore ecosystem structure and function. Ecosystem structure and function can be characterized by both
abiotic and biotic indices. Thermal and hydrological regimes are fundamental abiotic indicators of ecosystem
function, and the macroinveeorate community is a key biotic indicator of ecosystem function. Because
thermal and hydrological regimes, followed by macroinvertebrate communities are key indicators of
ecosystem function and are quick to respond to landscape alterations, our monifoggam focuses on
characterizing and tracking trends in the thermal and hydrological regimes as well as changes to
macroinvertebrate communities, pre and post restoration actions. The MFIMW has allowed us to build upon
a rich temperature dataset that ksoth spatially and temporally robust. We will continue to use this dataset
into the future as more restoration projects are implemented within the MFIMW project area.

Potlatch

The Potlatch River is characteristic of the majority of tributaries in the lower Clearwater River basin, with
similar land use practices, limiting factors, and focal species. It would be valid to apply some of the lessons
learned and techniques used in tRetlatch to address limiting factors in these drainages that share similar
characteristics.

Certain techniques such as flow augmentation could be an effective technique to use in other systems that
suffer from low summer base flow conditions.

As statedpreviously, treatments to address upland land use practices such as tiled agricultural fields is one
example where it would be challenging to address under the confines of the IMW. The sheer cost, size of the
treatment, and timeframe needed to make a meeednie impact are prohibitive.

Pudding The Pudding Creek IMW applies to smaller co&xtab Salmomwatersheds with small lagoonal
estuaries, with habitat impacts from legacy logging currently under timber harvest management. Our data may
not translate wdl to larger, more inland watersheds.
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Skagit Skagit IMW most strongly applies to large rivers Wlittinook Salmoand with large estuarine deltas and
a legacy of wetland conversion to agriculture.

Strait of Juan de Fuc@he results are broadly applicaliteother small, coastal streams impacted by
logging/road building practices in the Pacific Northwest (SE AK, WA, OR, N. CA).

Question 6

To what degree can preliminary results be extrapolated to other salmon and steelhead populations in terms
of limiting life stages, life histories, and geographic location?

IMW responses

Asotin CreekThe Asotin results will be broadly to a wide variety of species, life stages, life histories and
geographic locations in forested environments where wood historically played an important role in shaping
geomorphology of streams and their associated fiplaghs. All life stages of resident and anadromous life
histories of various species (e.g., steelheadthroat Trout, Bull Trout and lly Varden) for example would
benefit equally from lowtech wood additions in streams that have lack of wood as aitighfactor. The most
applicable settings would be wadeable streams (ord8) treams. However, the techniques could be adapted
easily to offchannel and sidehannel habitat of larger rivers (ie., > order 5). We are not directly monitoring
adult steelhed responses to wood additions, but it is likely that wood additions are benefitting adults by
providing more cover and refugia from flow during spawning migration as well as providing better spawning
areas (i.e., newly deposited bars and riffles). Weadse seeing lamprey begin to spawn in treated sections of
Asotin Creek which is exciting since lamprey have beemplanted by the Nez Perce for several years.
Backwater areas with deposits of fine sediment forced by the wood structures appear to beyrsiaes for
lamprey amocetes.

Bridge CreekThe responses from Bridge Creek are driven more by the geomorphic, hydrological, and biological
changes caused by beavers building dams than by addition of BDAs. The results of this IMW suggests that beaver
dams can improve habitat conditions that can increase egg to smolt production, which should not be surprising
given the coexistence of beaver and salmon and steelhead for over a million years when the densities of both
were far higher than they are today.

EWwha: Extrapolation to other river systems and populations is possible for some of the results. Change in
salmon distribution due to barrier removal is a relatively common result. In addition, the concept of re
awakening of life history due to extended maonent, in general, in something also that should occur in other
systems. The concept of resident fish suclRasbow Trout andBull Trout contributing or having an additional

life history strategy should also be something that can be considered generalizable. The details of how these
occur and the rates should not be considered generalizable. In terms of the watershed characteristics and
condition, the Elwh&iveris fairly unique. Having an intact headwaters or 80% of the watershed does not occur
in many locations. The low down barrier removdhisly generalizable. The dual hydrologic regime (rain on

snow and snow dominated) is fairlpigue as well.

Hood CanalWe feel that we are learning general scientific principles regarding salmon ecology and interactions
with habitat. Thus, although we might not be able to extrapolate results in a numerically predictive sense to
different specie®r habitat conditions, our research on factors affecting salmon abundance, productivity, spatial
structure and diversity is broadly relevant to salmon recovery efforts.

Lemhi We have demonstrated that products developed for the Lemhi River basin haet applicability to

other tributaries in the Upper Salmon basin. For example, the North Fork Salmon River, Pahsimeroi River, and
the upper Salmon River share similar limiting physical and biological features that hinder fish productivity.
Managers have ken addressing these concerns through a variety of mitigation actions that are similar to the
habitat restoration technigues in the Lemhi River baklpger Salmon Subbasin Integrated Rehabilitation
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AssessmenfUSSIRA017 andJpper Lemhi Multiple Reach gessment ReportLMRA2020). Preliminary

results of salmon and steelhead response to habitat restoration can be extrapolated to other salmon and
steelhead populations within the Pacific Northwest but specific habitat features need to be taken into
consiceration when comparing watersheds. Information gathered on life stage specific survival within the Lemhi
River has identified the limiting life stage to be overwinter survival of presmolts. Interestingly, life history
strategies of salmon in the Lemhi Rivewve shown that age fish (fry, parr, and presmolts) have migrated out

of the Lemhi before reaching the smolt life stage. This information suggests that overwintering habitat is in poor
condition and/or limited in the Lemhi River. Lemhi monitoring resshive been applied to other watersheds

with respect to evaluating life stage specific limitations, and similar trends were observed (USSIRA 2017). As a
result, geomorphic and biological goals and objectives have been established for these tributaviBA(UL

2020), and this is a direct result of Lemhi monitoring efforts and the products that were developed.

For a detailed explanation, please see the ULMRA 2&afrt prepared by Biomark and RIO Applied Science and
Engineering.

Lower ColumbiaSimilar toother IMW complexes in western Washington (Hood Canal, Strait of Juan de Fuca),
the limiting life stage in salmon and steelhead populations appears to be the juvenile rearing period, when
productivity is density dependent. Apparent overwinter survivalatio Salmons a function of summer parr
abundance and tributary and headwater reaches are important for producing large spring smolts.

Methow: No response
Middle Fork John Day

1. Lifecycle model is likely applicable to other steelhead populations with some adjustment. Results can be
applied to other MidColumbia and interior populations with similar restoration needs especially where
elevated temperatures are considered limiting.

2. Results from the MFIMW are applicable to similar watersheds with hislenining and grazing practices,
where the floodplain has been dredged and the channel altered. However, research is ongoing especially for
juvenile lifestages and habitat use, ameke are hopeful that in watersheds experiencing similar lasd
issues that the results of these investigations will provide useful, manageaonigmted information.

Potlatch

At this point in the project, results from individual restoration projects are probably the most feasible to be
extrapolated to other populationgzor example:

" Barrier removal projects to enhance fish passage are one of the most straightforward projects to
implement and assess, and in most cases they are the first step in restoration sequencing. Results of
these projects are easy to visualize and generate a lot of public interest and support for restoration.
Flow augmentation projects are cesffective treatments to address low base flow conditions and
can provide immediate benefits to juvenile rearing conditions over large spatial scales.

It takes several years of instream habitat improvement to elicit small fish population and life history shifts.

To m&imize these responses, restoration should focus efforts on areas where successive projects can result
in several miles of contiguous habitat.

Prioritize work in geographic areas that are supported by current fish distribution rather than areas where
numbers are extremely sparse to maximize benefits.

Pudding Difficult to say because we did not see a response. But would be in the smaller watershe@shath
Salmonand steelhead where the main habitat is formed by large wood.

Skagit The SkagiRiverhas a high proportion of migrating fry, but many other Puget Sound populations have
higher proportions of migrating parr. Attempts to equate Skagit results with other systems should be mindful of
the juvenile life history types dependeah estuaries.

Strait of Juan de Fuc@he results are broadly applicable to other small, coastal streams impacted by
logging/road building practices in the Pacific Northwest (SE AK, WA, OR, N. CA).
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Question 7

How is what you are learning beinganslated into information that can be used to inform policy, funding,
and salmon recovery and watershed restoration decisions? Give examples. Do you have suggestions on how
these types of outreach efforts could be improved?

IMW responses

Asotin CreekWehave presented widely at American fisheries symposium (multiple states, western and national
level), Salmon Recovery Conferences, Salmon Recovery Funding Boards, Ecological and Restoration Symposium:
published numerous journal articles on the results thoels, and experimental designs of the IMWs we manage
(Bridge and Asotin), supported MSc and PhD research and theses directed at specific IMW questions, published
a manual on lowech processdased restoration, trained ove},000 land managers, NGOs, biikis, and

private land owners about lostech processased restoration approaches, made publicly available online all our
data and training resources, and participated in coordinating, synthesizing and making available IMW resources
and summarizes onling.g., 8akeRver SalmonRecoveryBoard, PNAMPColumbia Basin PIT Tag Information
System website), helped to implement and support other groups (e.g., Conservation Districts, NGOs, state and
federal agencies) to implement Ietech processased restorabn in a wide variety of other watersheds and
ecoregions.

TheAsotin CreekMW results will help inform future management decisions to:

1) Determine the effectiveness of one of the most common restoration actions (addition of L\viDjeatsing
fish productivity and production

2) Our detailed survey methods (seasonal assessment of survival, modeling of net rare of energy intake,
enumeration of smolts and adult abundance, etc.) should shed light on the casual mechanisms of any fish
response we detect. Understanding why productivity changed should help us provide recommendations for
improving LWD restorations actions.

3) Our detailed CHaMP surveys that provide topographic surveys of each habitat reach allow us to build models
of stream taracter (delineate geomorphic units) and are used to populate net rate of energy models (NREI).
NREI models integrate food, habitat and temperature and can be used to run restoration scenarios to better
design restoration actions.

4)There are tens of tha@ands of stream miles in the PNW that are structurally starved (i.e., in a LWD deficit);
the Asotin CreekMW will provide valuable information on how to most cost effectively add LWD to streams
and cause the largest positive changes to stream habitaffishdgopulations.

To date we have learned that:

1) Experimental Designstaircase designs are a powerful alternative to BACI designs and have several
advantages including accounting for treatment x year interactions, being more logistically feasible to implement,
and allowing for multiple streams to ligeated (allowing results to be extrapolated to a greater number of

stream types)

2) Monitoring Plan and Data ManagementhaMP habitat protocol provide data that other habitat programs

do not and allowed development of NREI models, geomorphic deloreanultiple habitat metrics can be

obtained from the digital elevation model created from topographic surveys, erosion and deposition rates can
be quantified. Monitoring fish yeaiound provides ability to assess seasonal survival and fish movemené Thes
data help confirm assumptions of the experimental design like independence. Data management for IMWS is a
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major challenge and more resources need to be provided to IMW practitioners to assist with management of
large volumes of data IMWSs generate.

3) Restoration Implementatiory, staircase design makes implementation more logistically feasible because
treatments are spread out over several years. The HDLWD can be a viabkffexiste action that promotes
immediate habitat change over large areas with damaging recovering riparian areas.

4) Restoration Effectiveness, Habitat chandarge wood restoration actions need to stop focusing on single
structures and instead build numerous structures in high density to promote greater habitat changailahd b
resilience into the stream by buffering large flows.

5) Restoration Effectiveness, Fish responsapid designs of structures should target sites to promote large
changes in habitat using existing features where possible (activate oldisaamelscreate scour pools by
constricting the stream using natural features (tree roots, boulders)

6) General Logistics/ Information Transfgiocus on treating large sections of stream, load wood as much as

safe for the local conditions, do not ovdesign he structures unless there are infrastructure or safety
concerns. Be patient with IMWsti KS mnnQa 2F YAttAzya 2F bbb ¢S aLISyR
we understand the fish and habitat responsgthese include shorterm (1-5 years) andongterm responses

GMnb @8SEFNRO® {GNBIFYa 6SNBE RSINIRSR 20SNI unn &SIFNE X
them

7) Restoration maintenance should be a common practice and planned femot practical to expect one

restoration reatment can reverse all degraded habitat conditiem®wever the lowtech restoration method

we have developed is so simple and cost effective that maintenance is not a burden, but instead an opportunity
to review how the treatment is working and engate local community to help sustain restoration benefits

with simple maintenance efforts.

Bridge CreekBridge Creek IMW has demonstrated howdowest procesdased approaches, such as using

beaver and BDAs, can be used to implement restoration of satht@bitat over broad spatial extents. Project

data has also demonstrated that the influence that beavers have on stream habitat positively affect salmonids at
least in high gradient systems in the west. Based on this science from Bridge and Asotin @/seknbvly

workshops have been given across the US ortémlv processed based restoration using BDAs and PALS to
address structural starvation in watersheds. These workshops have included several thousand restoration
practitioners who many of now use thetschniques. A manual has also been created and shared on Research
Gate that has been accessed 10's of thousands of times.

BDAs from Bridge work have been included in the following programmatic NOAA ESA consultations. This means
that the potential impact$o ESA listed fish has been evaluated in advance, thereby facilitating permitting (ESA
part only) if the relevant entity is involved in the action: HIP3 BBygmfeville Power AdministratigyNatural

Resources Conservation Sernwomservation practicesrpgrammatic, ARBO (WBrest Servicd Bureau of Land
Managemen}, SLOPES (WA A&y CGorps ofEngineery, PROJECTS (@kh andwildlife Service. Proposed
programmatic with Wheeler and Gillianréyoncounties. ODFW has also provided guidance on BDA
implementation to help streamline and avoid fish passage concerns.

Strong science basis foow-Tech ProcessBasedRestorationis resulting in shifts to permitting practices. Focus

on processhased restorion versus not. Continue pressure on regulatory community to leverage science basis
of BridgeQeekIMW work as source of risk mitigation around ESAMational Environmental Policy Act

concerns at federal level.

Elwha The Elwhd&iveris definitely a peterchild for dam removal. The ElwRavercan help be used to inform
longterm monitoring of largescale projects. Once the infrastructure for monitoring is in place (i.e., SONAR,
smolt trap, etc), having value added projects really becomes a lot moteffestive, because the basics are
covered. Setting up lonerm IMW like monitoring (fish in/fish out, specific environmental parameters
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monitored) can allow for less expensive research to take place. For example, genetics work is less costly because
we have multiple life stages monitored already.

Hood CanalWe feel that all of our results are directly relevant to policy and funding decisions regarding habitat
restoration. Our work is designed to measure restoration effectiveness and so it helps aoldbesization and
expectations for return on investment in restoration.

We have made every effort to communicate results from our study into lessons for restoration in a variety of
formats and venues that are accessible to the restoration community.ifdligles presentations at

conferences frequented by restoration practitioners (e.g., Salmon Recovery Conference), participation in IMW
synthesis workshops organized by PNAMP, presentations to the SRFB and SRFB Monitoring Panel, presentations
at local HoodCanal workshops/meetings, and publishing our findings in the peer reviewed literature. If there are
barriers to the consumption of our information, we are certainly open to other methods of communication. Our
team appreciatecollective efforts to improg IMW outreachsuch as tk "lessons learned" workshemnd

synthesis report presented in this document

Lembhi

Results from research, monitoring, and evaluations (RM&E) have helped guide future habitat restoration
actions. For example, RM&E has identified that tributaries provide good summer and winter rearing habitat
for juvenile fish. Therefore, the reconnectioftributaries to themainstemLemhi River has been a high
priority.

Information gathered from our IMW projects has been summarized and shared with our stakeholders
(landowners, local government officials, students, anglers, etc.) through repoesentations (professional
conferences and regional meetings), blogs, site tours, and short videos.

Lower ColumbiaResults from our fish monitoring program in the LC IMW complex have informed restoration
treatments. For example, our observation that uppeaches of the LC IMW basins are more likely to produce
large, springCoho Salmosmolts, has been used to guide restoration efforts in Abernathy Creek, where the
majority of projects have occurred in upper reaches of the basin. The information we grathochelps guide

the Lower Columbia Fish Recovery Board as it works with its Technical Advisory Committee to fund habitat
restoration projects. For example, th@wer Columbia Fish Recovery Boasdd habitat limitation information

on Coho Salmofrom the LC IMW to guide restoration funding decisions in similar watersheds in its Lead Entity
area.

We have produced several reports using data from the LC IMW study, including a MSc graduate thesis, and were
featured in the Pacific Coastal Salmon Recovery®und wS L2 NIi (G2 / 2y 3INBaad Ay HAMC
communication, we strive to inform stakeholders on the effectiveness of our restoration activities in forums

such afkecreation and Conservation Offisalmon Recovery Conferences, Pacific Northwest Aguat

Monitoring Partnership IMW Workshops, and River Restoration Northwest Symposia. The Abernathy projects

led by the CowlitindianTribe have been featured in StoryMaps by Becreation and Conservation Offaed
newspaper articles emphasizing how taadscape work is done more strategically and for lower overall cost.

We have also led multiple site tours to interested parties. Below is a list of some of those efforts.

Pacific Coastal Salmon Recovery Fund FY 2016 Report to Congress:
https://archive.fiskeries.noaa.gov/wcr/publications/recovery_planning/salmon_steelhead/pcsrf/pepte
2016.pdf

Nutrient Enhancement:

Sturza, M. T. 201 Effectiveness of Salmon Carcass Analogs as a Form of Nutrient Enhancement for Juvenile
Coho SalmoXOncorhynchus kisutch) in Three Lower Columbia Watersheds. M. Sc. Thesis, Western Washington
University, Bellingham, Washington http://cedar.wwu.edu/wwuet/597/.

Recreation and Conservation Offic€ IMW StoryMap:
https://wa- rco.maps.arcgis.com/apps/Casedithdex. html?appid=d723d3fe4c6843d6a8fef1095ba38915
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NOAA Fisheries Feature Story 2019:

https://www.fisheries.noaa.gov/featurestory/cowlitztribe-restoreslower-columbiasalmon habitat-
benefitingjuvenileand-adult

Methow:
Fish Passage
1) Recolonizatiofollowing barrier removal may occur slowly and be strongly influenced bpbiiasin factors

2) The population uplift generated by barrier removal depends on factors limiting fish production before barrier
removal, and how well improving passage to neabitat addresses those limiting factors. Limiting factors of the
target population should be determined before performing barrier removal to scale expectations of
recolonization rates, and to pair the barrier removal with habitat enhancement or otherecéie appropriate

Floodplain and side channel habitat enhancement

1) Side channels contain higher densities of rearing steelhea€€hmbok Salmonompared to mainstem
habitat and provide refuge from larger piscivorous fish

2) Increasing hydrologic conrtedty between off channel habitat and the mainstem has been shown to increase
use by target species, particularly for seasonally disconnected side channels where fish previously had only a
limited time to access the habitat

3) Strategies that provide high side channel habitat diversity, such as a combination of perennial flow through,
alcove, seasonally connected, etc. are expected to be the most effective at increasing production of multiple
target species and improving réence over time. Diverse habitat patches within the floodplain landscape are
valuable because they host very different local food webs that are used extensively by j@handek Salmon

and steelhead

4) Side channel enhancement projects that have daffity deep pools with large wood have been shown to
improve habitat suitability and carrying capacity of the habitat, especially for side channels that are seasonally
disconnected

Channel complexity

1) Studies in the mainstem and sidkannels of the Mdtow River showed that target species densities are
positively associated with deep pools with large wood and overhead cover

2) Channel reconstruction and large wood enhancement in a small stream can increase spawning densities, total
fish production, andhe degree of consumption of invertebrate food resources. Enhancement may also
decrease the relative consumption of food resources by-tawget species such &o0ok Trout

3) Large wood configured to promote local scour and bed movement has been shavenetase benthic
invertebrate food available to drifteeding ESAisted juvenile salmonids

Food web

1) Food web analysis in the middle Methow showed that the structure of food webs, including species
compositions and the types and strengths of predgicey interactions, varied among habitat patches,
presumably influenced by the type of habitat (ergainstem versus side channel) and the degree of hydrologic
connectivity. The analysis also showed that when you scale up to the larger channel/floodplkeim, $ygh

spatial complexity produces weak trophic interactions, which promotes biodiversity and stability of food webs
that are important for sustaining fish populations
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2) In the middle Methow, for both mainstem asaiechannel sample sites, the availalprey base appeared to
be able to support a greater density of rearing juvenile salmonids than was present at those sites, suggesting
that the carrying capacity for juvenile rearing had not been reached

Middle Fork John Day

1. MF IMW learnings are beingared to inform decisions related to salmon recovery and watershed
restoration in a number of ways. First, Jim Ruzycki, ODFW, and John Selgen3@&ite University,
presented to decision makers at the January 2018 OWEB Board meeting afterytbari®ummary Report
was completed to share the value of letegm monitoring in understanding the outcomes of restoration
actions in a relatively large watershed.

2. SecondlyMFIMW related staff has taken technical information from the MFIMW and translated it into two
separate 4page facts sheets to highlight key findings to help describe results and lessons learned. The
majority of the information has been targeted at restoom practitioners to inform their future work. This
information has been communicated at Oregon American Fisheries Society conferences, River Restoration
Northwest (RRNW), and other technical conferences.

3. Also, the MFIMW maintains a public facing wehdititp://www.middleforkimw.org, to make available
MFIMW documents and provide updates on current restoration and monitoring efforts. The website was
developed to share MFIMW findings with both the local community and a broader audience beyond the
Middle Fak John Day Rivevatershed. Finally, the MFIMW Working Group has met annually with the John
Day Basin Partnership since 2018 to facilitate-iay communication between the groups doing the leng
term monitoring and those that are planning and implementiagtoration actions in the MFIMW study
area. This technical information exchange has directly informed watershed restoration planning with an
intent of more effectively advancing salmon recovery.

4. MFIMW results are providing valuable information to OWBE8&uathe need for grantees to prioritize the
limiting factors to be addressed and where in the watershed they can affect the most change. OWEB has
used the information from the MFIMW to generally inform expectations about how long restoration actions
can take to show an improvement in salmon and steelhead populations. A variety of restoration actions are
being implemented across the MFIMW study area by a diversity of organizations. The MFIMW has helped
reinforce the reality that it will take more than 1@agrs to see an improvement in limiting factors and, thus,

a measurable result in fish populations.

5. The modeling work from Drs. Mousa Diabat and Steve Wondzell shows that riparian revegetation efforts can
mitigate warm water temperatures, but that it wtthkke several decades for this to occugspecially in areas
where significant negative impacts occurred over the preceding 100 years due to anthropogenic actions.

6. The steelhead life cycle modeling that was completethbygrated Status and Effectivenddenitoring
Programto estimate juvenile fish responses to habitat improvement and/or water temperature reductions
was very telling. This modeling effort contributed to greater recognition that water temperature is the
primary limiting factor and that restation designed to reduce temperature was more influential than those
projects designed to increase habitat complexity alone. Understanding this information is important when
evaluating restoration proposals, and steps being taken to address water temapenaill be particularly
helpful given the warming climate conditions that are occurring.

7. Collectively, this information helps OWEB board and staff set realistic expectations about how long it will
take to see a measurable response from restoration actions, and awareness that drought conditions during a
particular year can outweigh habitat imprements due to the fact that water temperatures simply may be
too high.

8. Outreach efforts can be improved by working with a wide range of partners and funders to share the
technical information in a distilled manner. Continuing to target key audiencgsadloring information to
those audiences is key to long term success. Working with a variety of audiences to understand what
information is needed to be clear how to present it is extremely helpful. Recent efforts by Rauiic
Coastal Salmon Recovdryndto highlight MFIMW findings in their 2020 report to congress and the GIS
Story Map that was developed is an example of successfully highlighting what has been learned to
disseminate this information to policy makers. Working with funders such as ld@i\@dthers to elevate
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resources to convey highly technical information and disseminate it broadly using existing websites and
targeting relevant webina, workshops, conferences, etc.

Potlatch

Fish monitoring results have helped inform future restoration treatments. For example, monitoring work has
identified potential passage barriers to steelhead which were later addressed by restoration implementers.
We have produced multiple reports to déesainate results of the project. We also work to inform
stakeholders on restoration and monitoring activities by giving presentations in forums such as American
Fisheries Society meetings (both national and Idaho chapter), PNAMP IMW workshops, Pacific Coast
Steelhead Manager Meeting, and other conferences.

We produce blogs, news releases, videos, and brochures highlighting restoration and monitoring activities
for the public. We conduct site tours with various stakeholders, including local governmerdlsficivate
landowners, school groups, etc. to discuss our project.

One of the most effective means of outreach with policy makers and the public are quality short videos
that highlight pieces of the program and can be distributed through many platfd@olecting quality
interviews and video production often require specific expertise. Developing a funding mechanism or
competitive grants to produce these materials would vastly improve the ability to produce these materials.

Pudding Overall, the Puddimn Creek IMW life cycle monitoring data supports population status and trend
evaluation forCoho Salmoand steelhead for the Mendocino coast region to help inform recovery. From this
experiment, we have not quite begun to discuss how these results mayrinfew approaches in restoration
strategies, but we will begin to outreach through our partners.

Skagit

1) Through external funding frothe Estuary and Salmon Restoration Programa are putting the Skagit IMW

in the context of other juvenil€hinook Slanon monitoring efforts in Puget Sound to determine the degree to
which density dependence occurs in Puget Sound estuaries (Greene et al. 2021) and if the magnitude of
restoration is producing benefits on adult returns (project ongoing).

2) Greene et al. 2021 also strongly points to the importance of conneatjigitgs that are more connected to
the head of tidal influence and source of juvenile outmigrants will likely support more fish thafesttes
away.

3) Our effectiveness momiting results should be helpful in providing the SRFB results to prioritize projects that
are more likely to result in improvements to estuary wetland habitat use.

4) Due to the multiple methods for monitoring fish numbers in different stages o€tlisamk Salmon
outmigration, the IMW monitoring program will help determine the success of different hatchery release timing
strategies initiated in October 2020.

Strait of Juan de FucsVe work through the Monitoring Panel to inform the SRFB. SRFB can initiate changes to
restoration guidance.

Monitoring Plan and Data Management

1) Managing large quantities of data can be difficult without proper support; building the PIT tag datadzase w
instrumental in making data entry and analysis much more efficient.

2) Habitat surveys conducted in within each system of an IMW on the same year may provide better trends
detection as compared to staggered monitoring across years and systems giyasteh&al influence of
interannual variations in stream flow.

Restoration Effectiveness
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1) habitat change: Wood jam volumes and/or piece counts should be collected in addition to counts of wood
jams to monitor changes in woody debris within a system.

2) fish response: Monitoring fish migrations with PIT antennas can provide a more complete picture of life
history diversity, migration timings, and outmigrant productivity as compared to traditional spring smolt trap
monitoring. We have demonstrated thatrige numbers of fish move downstream during periods not typically
covered by spring smolt traps.

General Logistics/ Information Transfer

1) It is important to keep up with PIT tag and communications technology: Recent advances represent a vast
improvementover the original gear re PIT tag detection and antenna and infrastructure durability (increased
ability to survive higlwater events, less maintenance). Improved tag detection and reduced down time during
fish migration windows are keys to the succesthi project.

2) NOAA developed an Oracle Application Express (APEX) application for housing PIT tag and habitat data from
IMW collaborators. The database provides an gasyse, webbased interface and allows for customized

reports and data queries. 1@t IMW collaborators have access to the entire database and the general public can

I 00S&daa bh!! Qa La2 RIFOGl® KOGLIAYKKGos PSSOl LILIADPY s TFaA0C

Question 8

Do you have recommendations on how to work with landowners saccessful project development and
implementation?

IMW responses

Asotin CreekYes low-tech processased restoration is intuitively appealing to landowners. It is simple to
understand and implement and speaking openly about "letting the river do th&'woakes sense to many
landowners. In our experience landowners also understand that maintenance is a natural part of a restoration
treatment and they appreciate that there is a long term plaather than a "one and done" approach. We have
also found thahaving a demonstration project with a willing landowner is often the start of growing interest.
Once one landowner implements lei@ch - their neighbors get more interested and often want to try it.

Bridge CreekCreating partnerships with private landowners is crucial in promoting similar restoration efforts on
other landowner properties. There are several landowners that are interested in improving not only issues that
directly effect their interest but also fahe intrinsic value of the watershed they are part of. The development

of a good working relationship with landowners and permittees goes beyond the immediate project you are
collaborating on but they can also become ambassadors to other landowner#itoggamilar projects

completed as they are quickly able to establish trust with their peers.

Elwha Communicate till it hurts. It is better to over communicate than under communicate.
Hood CanalNo response

Lemhi Successful project development and istplentation is highly dependent upon a strong working

relationships with landowners. To build this trust, it is important to clearly discuss and disclose the rationale

(goals and objectives) of restoration efforts. It is crucial that the landowners undeistahy the project is

being proposed in the watershed and on their property. More importantly, the landowner needs to feel that

they are being heard and their needs are met. It is through these negotiations that conceptual ideas are

developed and restor&dn actions are designed. Budget constraints can influence these negotiations. For

example, some landowner needs often cannot be met given the limitations in annual budgets. Therefore, it is
critical to be flexible and willing to propose alternatives R a 02 YY2y 3ANRdzy R¢ G KIF G Y ]
comfortable in the affects to their property while managers develop a beneficial habitat project. Most
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importantly, it is crucial to maintain this relationship and to stay in constant communication with the
landowners throughout the project.

Lower ColumbiaNo response

Methow: Relationships are important so invest the time to nurture them for the {mmm. Be able to admit
when things do not go according to plan. Invest in adaptive management.

Middle ForkJohn Day

1. Talk early and often and plan projects and communication as early as possible to address landowner
concerns so there is time and resources to mitigate for these concerns. In some instances, landowner
incentives have been successful in convinceéigctant landowners to participate in restoration or
monitoring activities. The NFIDWC or Gfoit and Water Conservation Distraein apply for these types
of landowner incentives and have had success in writing letters to inform landowners ofpitogsets.

2. Demonstrating uppefevel commitment from agencies can help with landowner participatiae., Curt
Melcher (ODFW Executive Director) has had phone contact with landowners in the JaRiv&eyasin.

3. AKkey initial step in the process of warl with landowners is establishing working relationships with
individual landowners. For ODFW staff this has meant reaching out and taking the time to discuss the
purpose and importance of fish monitoring activities in the MFIMW. The practice of follawingth
results for individual landowners from specific monitoring actions (e.g., spawning ground surveys, juvenile
FAAK Y20SYSyld k adiNDAGlIf | aasSaayvySyao asSSvya G2 Kb @
private landowners inthe MFJD. ODEWW & dzO0Saa Ay YIAyGFAyAy3a | 00Saa
MFIMW study area is reflective of past actions and attitudes of staff involved in the MFIMW.

4. One goal of the NFIDWC is effective communication with landowners for the mutual benefit e$dlece
and those living on the land. The NFIDWC had had some success reaching out to landowners and explaining
some of the restoration projects that were occurring in their area and letting them know they could reach
out to the staff with any questionsh€se letters also served to inform landowners about opportunities to
partner with us to do work on their private land.

5. Findings by outside MFIMW partners (McDowell et al. 2020) suggest that watershed wide restoration
strategies should not discount the potential contributions private landowners can make and that it is critical
to include them in the conversations around t@stion. McDowell et al. suggests that this reflects
GO2f f I 02 NI A Becavsk gdtoratol iS yisiblé at some sites, other land managers in the
neighborhood incorporate best management practices, perhaps in subtle ways, that lead to ecological
improvements over time on land without explicit restoration projects.

Potlatch Effective communication is the key to successful project development and implementation with a
fFyYyR26YSNY / tSINfeé& fFe&Ay3d 2dzi SE Isi®lednderhgges albngRayt A &
to eliminating problems down the road. Not all landowners are the same, some want to be heavily involved
GKAETS 20KSNA NS OSNE KIyRa 2FFX 6S LINBLI NBR (2 Y2R
large hnd holdings with multiple family members/owners, establishing a primary contact early in the process

will help facilitate communication and avoid misinterpretation.

Pudding It takes a community of many different groups and trust. Finding common greesms important as
we may all have slightly different objectives. This experiment involved a single large timber company and a
state-owned timber property, and both support salmon recovery. We partner with the timber company to do
our monitoring and shareosts.

Skagit No response

Strait of Juan de Fucho response
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Question 9
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estimate how long it would take to get the thing you expected to learn?

IMW responses

Asotin Creek- How long will the responses last? Canineease the responses with increased
maintenance/enhancement of the original treatmeand the addition of BDAs to force greater floodplain
connectior? What are the most important factors linked to the responses we are seeing (e.g., how do adult
abundancetemperature, discharge, and habitat conditions interact to influence abundance and production
responses)? Can large wood treatments match the responses seen in systems where beaver recolonized and
were linked to large fish responses?

We think we could gt answers to these and other questions in the nex Bears.

Bridge CreekBecause of the dynamic nature of streams and their interaction with restoration actions, reliance
on short term responses alone can potentially be misleading. The evolutioreafrstrdominated by beaver

have been proposed in low gradient systems in boreal forest but largely remain undocumented in the west. This
would be attainable with more time including the impacts they have on salmon and steelhead. We believe that a
minimum of15 years is necessary, but this is dependent on the number of high water events that are
experienced during the study.

Elwha We expected that focusing in on changes to habitat type would give us insights into how habitats are
created and maintained. Due the variability in habitat type delineation due to observer error and process
error that will not be the case. This is not attainable with more time.

Hood CanalWe still feel there is a lot to learn about how fish respond to restoration.

Perhaps most déctly, this includes evaluating the fish response to recent restoration actions in Big Beef Creek
and Seabeck Creek. We simply have not had enough time after restoration to pass judgment on whether there
was any increase in abundance, survival or lifeohydiversity following these projects. In Big Beef Creek, a
three-phase restoration project that occurred in 202017 installed LWD jams and reconnected

approximately 11 acres of floodplain wetland habitat. In Seabeck Creek, an undersized cuhert in t
anadromous zone was replaced with af60t bridge in fall 2020.

However, clear, obvious signs of impairment in the study streams, especially Seabeck Creek and Little Anderson
Creek, present additional opportunities for learning how fish respond tarason.

We have consistently targeted 12 years of monitoring after restoration. For projects completed to date, this
would be 20272029 in Big Beef Creek and 263133 for Seabeck Creek.

Lemhi One of our goals for the Lemhi River IMW is to observepailation response (increase in the number of
fish into and out of the basin) to habitat restoration actions. We have observed a response from at a finer scale
(e.g., juvenile response to reconnected tributaries) and observed an increase in salmonidratauimdspecific

river reaches but have yet to determine how the population as a whole has been influenced. A population
response to our habitat actions may be attainable, given sufficient funding resources and the necessary time to
evaluate multiple genet#ons. An aggressive habitat restoration program implemented by multiple

collaborators is ongoing in the Lemhi River, and the focus has expanded to the reach scale to rehabilitate large
floodplain and river segments. With all the new and upcoming hapitgects, we suspect that will take time

to evaluate a population level response. The Lemhi River basin is also a very large watershed and we have
observed salmon at various life stages using different portions ofi@stemLemhi River and its tributass.
Therefore, it will take a lot of effort (time and number of people) to monitor fish response in the basin. We
estimate a time frame of a minimum of 4% years to observe a population level response of salmonids to
habitat restoration actions.
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not been able to detect a habitat signal from any restoration activities to date. We are exploring new time series
models to attempt to differentiate randm variability from treatment effects in the habitat dataset. For fish,

there are many compelling research questions that remain that were not identified at the onset of the study. For
example, we have not learned about the carryover effects of increassarpg and rearing habitat on marine

survival or about the relative importance of life history diversity on overall adult returns, particularly as this

relates to climate variability and climate change.

Our analyses suggest we need at least 10 years oftpstment monitoring to detect a change in fish
productivity, meaning continued monitoring through 2032.

Methow: No response
Middle Fork John Day

1. How restoration across the watershed influences overall population productivity. We were expecting to see
a watershed level fish respong® dzii y 20 & dzNLINARASR (KIFG ¢S KIF@SyQi 37
the MFIMW, and the generational timeframe for riparian growth to effect stream temperatures.

2. Restoration projects in the MFIMW are ongoing andgatihg to current research and thus many research
projects are currently in preestoration monitoring phases or have one or two years of data collection with
preliminary results but are not currently complete. Examples listed below.

a. Fish habitat preference: Last year we examined juvenile salmonid use across study sites using the
mobile PIT antenna in an attempt to tease out habitat preferences, but results were inconclusive.
Wdz8Sy At S alfyY2yARA SAlKSMhcesdyaekeyilyiniolsiimetBing vél N2 y 3
did not measure.

b. We conducted praestoration fish monitoring in Summit Creek to document use and dispersal from
ephemeral and perennial reaches. Upcoming restoration projects in Summit Creek will help us
understand he effects of watering ephemeral sections on fish use, movement, and dispersal.

c. Akey area of the MFIMW that was previously under private ownership was recently purchased by
the Blue Mountain Landtrust and plans for restoration are underway.

3. Monitoring ard research in the MFIMW has been collaborative and iterative, with research building on
results from previous projects and from identifying knowledge gaps. Examples below:

a. Adult habitat selectiorr we have evidence of shifting spawning distributiorChiirook Salmonbut
are unclear of the why or how, e.g., is it spawner habitat or adult holding habitat that is driving the
distribution shift?

b. Building on distribution shifts of aduthinook Salmonwe are currently evaluating differential
juvenile salmonid survival and figtabitat relationships at restored and unrestored sites where
habitat was intensively measured at a reach scale.

c. We have produced models showing that decreased temps will hasitiye effects on juvenile
salmonid distribution and survival, but we haven't had enough time to validate the models.

d. Tracking dispersal patterns from redds is yet another step in understanding how fish are utilizing
available habitat and how restoraticand changes in water temperature (due to restoration or
climate change) influence movement and survival of juvenile salmonids.

e. More information is needed to understand what happens with fish less than 65 mm. Most MFIMW
work has been done on Rtag sizedish. We are currently monitoringhinook Salmofry dispersal
and movement from redds using innovative genetic technigues. We have one year of monitoring
completed and need more years to fully understand and document this understudied and important
life-stage.

f.  Additional longterm monitoring of juvenile salmonids Middle Fork John Day Riveibutaries like
Camp Creek (20082021) will be used to assess the influence of environmental variability (e.g
stream temperature and hydrology) on populatidgnamics in freshwater rearing areas.

g. We have identified a knowledge gap regard@ignook Salmoparr moving out of upper reaches
and their overwinter habitat use.
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4. Research and models identified that water temperature is the limiting factor of greataseen for
salmonids in the MFIMW, and that riparian growth could lower stream temperatures. Documenting changes
in water temperatures and effects on salmonids is a long process and results are incoming.

a. Vegetation changes, riparian growth, and effectsstneam temperature just starting to see
changes and need more time to analyze and create models to detect change over time.

b. Water temperature products are under development including a spatial stream network model
which will predict reach scale average summer stream temperatures across the MFIMW area, and a
model that will forecast water temperature and utilizes flow data frbra Middle Fork John Day
Riverat Camp Creek gage. Stream temperature models tailored to produce biologically relevant
variables at a reaclscale resolution will allow us to better track and evaluate changes in water
temperature throughout the MFIMW areallowing restoration practitioners to target projects in
areas of highest impact.

Potlatch There is still a lot to learn about how fish respond to restoration at the watersbelé. The pace of
project implementation in the EFPR has increased in regeats and we are beginning to see positive
improvements in emigrant life history and habitat conditions. However, the pace of implementation in the BBC
watershed has stagnated, and the two highest priority project we have identified have not been impdéeinen
Both of these projects fall outside the realm of traditional habitat restoration and present complexities in terms
of funding and permitting. There needs to be more time to overcome these hurdles.

We anticipate achieving the bulk of restoration gohl 20289 and need a minimum ofX0 years post
treatment monitoring to accurately assess the response of population productivity to restoration actions.

Pudding Why the treatment did not cause habitat change. It could be attainable with more timesudethow
long, at least B more generations of fish.

Skagit The core IMW gquestion is whether estuary restoration works to improve population
abundance/productivity, and in that respect the IMW has achieved success. However, we also expected to see
changes in the frequency of fry migrants entering the nearshore and improved sathitt return rates

following restoration. Although these patterns are heading in the right direction, to date there has not been a
large signal.

However, positive responses al@t returns are more sensitive to environmental variation than juvenile
population responses. It is possible that estuary restoration may have a large positive population response at
the juvenile stage, but that positive response is not carried throughdaadult stage simply because other
factors absorb or offset the earlier benefit. If this is the case, then it is untrue that estuary restoration did not
work (indeed, population response may have been better than without the restoration). Communittasing
life-cycle and cumulativémpacts perspective is difficult but necessary to maintain public support for restoration
projects of this scale.

Measuring population response within a ste@cruit framework requires enough years of both spawners and
subsa@uent recruits. It also requires sufficient treatment in habitat to induce a change in demographics that will
shift stockrecruit relationships. We discuss the need for population bonanzas to test thersokt

relationships under current restoratiollVe have uncertainty when this will occur in the Skagit populations. For
restoration, we do have a schedule for additional restoration actions that are intended on the landscape. We
know that a number of restoration projects are planned within the nexe&rs that would apply more

treatment to assess population response. Several ongoing modeling efforts may allow us to project whether
restoration planned within the time frame of the IMW will produce a response given larger outmigration sizes
and the curret range of variation in marine and early freshwater survival.

Strait of Juan de Fucho response
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Question 10

What issues have arisen during the study that have compromised your ability to address the primary study
objectives? Using the drop down menus in the spreadsheet, please respond to the following categories with
yes or no; we will discuss the details at tlveorkshop.

Categoriesunanticipated difficulties with study design, insufficient numbed size of restoration actions in the
treatment watersheds, the treatment phase being so long the ability to measure response was impacted,
unanticipated environmental variability obscuring treatment effects, other.

Table of IMW responses
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unanticipated
difficulties with study Yes Yes No Yes No Yes Yes Yes No No Yes
design
insufficient number anc
size ofrestoration
. . Yes No Yes No Yes No Yes Yes No Yes No
actions in the
treatment watersheds
the treatment phase
being so long the abilit
No No No No Yes Yes Yes Yes No Yes Yes

to measure response
was impacted
unanticipated

environmental
- . Yes No Yes Yes Yes Yes Yes Yes No Yes
variability obscuring

treatment effects
other* Yes Yes Yes Yes Yes Yes No Yes
*Asotin IMW had difficulties with the ability to maintain large monitoring infrastructure and manage large

amount of data. There was not enough funding to implement a large monitoring program and manage the data.
We also lossome data due to a private ldrowner not allowing access to two monitoring sites feit §ears.

Question 11

What are the key items that would be lost or that we would miss out on if IMW funding decreases or
disappears?

IMW responses

Asotin CreekFully developing the losech processbased restoration methodunderstanding how to

implement, maintain, and what is possible (j.extent of floodplain connection, habitat improvements, etc.).
Completing the experiment tefinishing the monitoring (3 years), understanding and gputifying the fish

response, being able to explain how best to add LWD to improve habitat and fish abundance. And understanding
what is possible what are the costs of restoration, the extent that can be treated, the amount of maintenance
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required, how diferent stream types respond, synthesis of results into coherent recommendations for future
restoration.

Bridge CreekThe longterm impacts such as what happens when ponds fill will not be evaluated. The Bridge
Creek IMW did decrease after 7 yrs and fiei the following year. Recently funding was provided by OWEB to
continue monitoring after a 4 yr hiatus. Monitoring was resumed during this hot drought year. The loss of
cumulative tagging of the population, especially in low a population abundancewkeaesult in a low sample

size and the ability to estimate survival, growth, and production, will be greatly diminished as will the ability to
track the trends during the warm low water past years has been lost.

Elwha How long does it take to dewsd seltsustaining salmon populations after dam removal? How does it
vary according to species and management strategy?

Hood CanalOur expectation is that both the hydrologic processes we are attempting to restore and the fish
population will take timgo respond to restoration. In our project planning, we had always targetet?lgears
(roughly 4Coho Salmogenerations) of posproject monitoring to evaluate the fish response. With restoration
occurring as recently as fall 2020 (Seabeck culveracephent), reducing or cutting funding now would
undermine or eliminate our ability to evaluate a fish response.

Lemhi Habitat restoration efforts in the Lemhi River, and arguably throughout the upper Salmon River basin,
would suffer if IMW funding was reded or lost. Significant Lemhi River restoration actions (tributary
reconnections/large floodplain enhancement projects) are ongoing, thus, ample time is need to evaluate
benefits. Furthermore, practitioners are depending on monitoring results to infarchshape future project
development (adaptive management), which would not be possible without the Lemhi IMW.

Lower ColumbiaFish population monitoring in the LC IMW complex is not complete, despite a valuable time
series of life cycle monitoring datingutk to 2000. The workplan developed in 2015 identified a-frestment
monitoring period of 10 years to significantly detect a population response in salmon and steelhead. Restoration
treatments are just wrapping up, meaning that an additional 10 yeansasfitoring through 2032 are required

to assess the effects of restoration on salmon and steelhead populations in this complex.

Methow: Not applicable, no IMW funding in place.
Middle Fork John Day

1. The iterative, evolving, adaptive framework of the MMM&llows for the flexibility for new talent and ideas
to flourish in an area, and afford people who have a fresh perspective the opportunity to approach a
problem with a new way of thinking. Reduced or eliminated funding would significantly stall progress
toward understanding watershed ecology and using that information to manage our watersheds more
effectively.

2. Oregon Watershed Enhancement Board Focused Investment Partnership funding has provided focused
restoration actions in the MFIMW ared IMW fundng decreases or is lost, we will lose the opportunity to
measure response to these targeted restoration actions.

3. The MFIMW is in the second phase of adaptive monitoring following the initial 10 years of restoration and
monitoring which resulted in a lorigst of lessons learned and recommendatiehsss of funding would
impact the ability of MFIMW partners to continue with adaptive research and focused restoration projects.

4. Challenges within the watershed are ongoing and unknownclimate change, ex¢me drought
conditions, invasive species, predation, etc. As challenges and changes arise, the IMW platform and
organization has allowed partners to leverage the loegn datasets and knowledge, and the flexibility to
answer future questions.

5. Decreasedr lost IMW funding would curtail our ability to carry out the essential watershed scale and
project restoration monitoring actions and conduct the analyses required to assess the efficacy of the
MFIMW and document changes to salmonid populations, didfidbyand habitat use. If the MFIMW were
to lose funding at this stage in the study, it would jeopardize our ability to assess changes in population
productivity over an appropriate time scale (j.eultiple generations of salmonids and a reasonable time
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